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MINE FIRES; A PRELIMINARY STUDY. 


By Georce S. RIcE. 


INTRODUCTION. 


This paper is published by the Bureau of Mines in the interest of 
safer methods in mining. It summarizes many important topics that 
concern the lessening of risk to life and property from mine fires, and 
reviews construction, equipment, and methods relating to fire protec- 
tion. Various matters that are briefly mentioned will be discussed in 
detail in succeeding reports of this bureau. 

Mine fires, like most other fires, start in a small way, only excepting 
those starting from explosions of gas or coal dust. A large proportion 
of them, like other fires, are caused by carelessness, particularly in 
metal mines. In coal mines and in some sulphide-ore mines fires 
may originate from spontaneous combustion in the goave, * yet even 
such a cause often may be attributed to improper and preventable con- 
ditions, or to a wrong system of mining. 

Most of the mine fires that have occurred in open workings could 
have been quickly and easily extinguished at the beginning had suit- 
able apparatus and men trained in its use been at hand. A consid- 
erable proportion of such fires would not be possible if fireproof 
material were systematically used in underground construction. But 
at present it is commercially impossible to do away entirely with the 
use at mines of combustible material like wood timbering. Hence, 
arrangements should be made to lessen the chance of fires starting, 
and apparatus should be provided so that if a fire does start it may 
be put out promptly. 

With the exception of explosions, there is nothing that causes such 
dread among miners as a fire. There is not only danger to life, but 
also danger of great financial loss. Each year the mining bureaus 
of almost every mining State report the death of men and the shut- 
down of mines by fire, and sometimes the permanent loss of the 
mines and equipment. These fires do not attract public attention 
unless there is large loss of life. 


a The term gob as used in this paper signifies waste left in the rooms or abandoned workings; the 
term goave signifies broken ground or the parts of a mine from which the coal or ore has been worked. 
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SOME DISASTROUS MINE FIRES. 


As illustrative of the importance of the subject under discussion, 
mention is made below of some losses due to mine fires in recent 
years. 

LOSS OF LIFE. 


One hundred and four miners perished in the Kleophas mine, Upper 
Silesia, Germany, on March 8, 1896, from a fire originating in a shaft 
that was brick lined, but in which were wooden guides, ladders, etc. 

The death roll was 25 in the Hamsted colliery, near Birmingham, 
England, on March 4, 1908. The fire started in a box of candles near 
the foot of a downcast shaft. 

Thirty-five men were killed in the Whitwick No. 5 colliery, Leices- 
tershire, England, on April 19, 1898, in a fire believed to have started 
in an old goave. 

The disaster at the Cherry mine, Illinois, November 13, 1909, took 
its terrible toll of 256 lives because a torch set fire to a load of baled 
hay pushed against it in a strong air current at the foot of a downcast 
shaft. 

Still fresh in the minds of all is the fire in the Pancoast mine, at 
Throop, Pa., on April 7, 1911, in which 74 miners perished. It started 
in the wood floor of an underground engine room. 

In Kanawha County, W. Va., in December, 1905, seven lives were 
lost in a drift mine because the timbers took fire near the venti- 
lating furnace; the smoke and gases were driven into the mine by a 
prevailing wind. Several thousand dollars was expended, and the 
mine remained idle for a year before it was in a condition to be oper- 
ated again. 

Death has overtaken miners in some of the metal-mine fires. Seven- 
teen lives were lost on February 23, 1911, in the Belmont mine, 
Nevada, and seven more at the Hartford mine, Michigan, May 4, 1911. 
In both mines there was relatively only a small amount of timber 
where the fire took place, but this burned out rapidly and produced 
enough smoke and poisonous gas to cause death. 


LOSS OF PROPERTY. 


Enormous property losses have resulted from several mine fires. A 
small mine fire, at first neglected, spread through a wide area at Car- 
bondale, Pa. This fire has caused the abandonment of a number of 
surface buildings, and now endangers other parts of the town. 

The great fire in the Mammoth bed near Summit Hill, Pa., burned 
through a large acreage of workings near the outcrop, and then threat- 
ened an adjoining property. During the past few years the owning 
company has spent nearly $1,000,000 fighting this fire. As a last resort, 
the company built a great clay fire dam, 50 to 200 feet high, 8 to 10 
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feet thick, and over a quarter of a mile long, from outcrop to water 
level, to cut across the path of the fire. The fire advanced so rapidly 
that before the dam was finished the difficulty in construction became 
very great because the heat and gases made it impossible for men to 
work more than a few hours at a time. 

Besides the direct loss of property actually destroyed there is always 
the indirect loss of income caused by shutdowns while the fires are 
being put out. Large losses of this kind have occurred at the Ana- 
conda mine, Butte, Mont.; the Homestake mine, Lead, S. Dak.; the 
United Verde mine, Jerome, Ariz.; and the Calumet & Hecla mine, in 
Michigan. é 

Each year property worth many millions of dollars is destroyed by 
mine fires. 

LOCATION OF FIRES. 


Fires in and about mines may occur in surface buildings, in or near 
shafts or slopes or other entrances to mines, in the interior of active 
mines, in abandoned workings, and in coal near the outcrop or under 
shallow cover, if the coal is above the ground-water level. 


FIRES IN SURFACE BUILDINGS. 


Causes of fires in surface structures at mines are, in general, no 
different from those in other buildings. Such fires may arise from 
carelessness in handling matches or lights, from spontaneous com- 
bustion of oily waste in closets, or from short-circuiting of electric 
wires. Often fires arising from such causes are not serious in them- 
selves, but by spreading to the adjacent mine headframes or tipples 
they may cause extension of the fire into the mine itself. 

In the Pennsylvania anthracite region it used to be customary to 
place the immense breaker building immediately over the shaft. Be- 
fore separate distant exits were provided such an arrangement was a 
fearful menace, for if this structure caught fire all chance for escape 
of men underground might have been shut off. Of late years it has 
been the rule in designing new plants to erect the breaker at a dis- 
tance from the shaft, and some of the more recent structures are 
either steel or concrete. 

In the bituminous mining districts, although large wooden head- 
frames with adjacent tipples and screen buildings are still widely 
employed, in many of the newer structures steel has been substituted 
for wood. However, it is probable that over 90 per cent of the 
present structures are built of wood. Annually a large number of 
tipples are destroyed by fire. In the past some tipple fires have 
spread to the mine. Even when only the tipple is destroyed it 
may cause a shutdown of the mine for from three to six months. 
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Where wood must be used, it is very much better that only a 
skeleton or open-framed structure be erected, and where wood is 
largely used safety is increased if emergency steel trapdoors are placed 
at the top of the shaft and arranged in such a way that they can 
be closed down from a safe distance if a fire breaks out. Such trap- 
doors would prevent embers dropping down the shaft and setting it on 
fire. Toprevent interference with the ventilation, a dirt-covered con- 
duit should enter the shaft below the trapdoors. 

At mines entered by tunnels or crosscuts, in mountainous districts 
where the snowfall is heavy, it has been the custom to cover the 
entrances to a mine with snowsheds built of wood, and at some mines 
these are connected to the head house and other buildings, all of 
which are huddled together on a bench on the mountain side. Under 
such an arrangement a fire in any building is likely to extend to the 
entrance of the mine and to shut off the escape of the men. This 
has happened. It is obvious that such buildings should be of fire- 
proof material and that a separate entrance to the mine at least 200 
feet distant, preferably more, should always be provided. It is also 
advisable to put emergency doors at the mouths of entrances to be 
shut only as a last resort, as when smoke is being blown into the mine. 

Wood construction at or near the intake airway is especially dan- 
gerous in coal mines. If a mine has a blowing or pressure fan with 
wood casing, the whole mine is in danger if fire starts in the casing 
or in the fan-engine house. In recent years it has become the 
custom to build the fan casings and engine houses of noncombustible 
material. All blowing fans should be built of such material. If fan 
structures are built of wood, it is best to have steel trapdoors ready 
quickly to cover the air shaft when a fire starts in the fan. At 
a coal mine in northern Illinois, the shaft and probably the mine 
were saved by such doors. 


LIGHTING SYSTEM. 


Open torches should not be used to light mine buildings in which 
there is combustible material, but such buildings should be lighted 
with lanterns of a type approved by fire underwriters or, better, with 
incandescent lamps or inclosed electric arcs, so placed that there is 
never direct contact with wood or material that will burn, and wired 
according to the rules of fire underwriters’ associations. 


GROUPING BUILDINGS FOR PROTECTION AGAINST FIRE. 


Mine buildings that are combustible should be situated as far as 
possible from each other and from the mine shafts or entrances with- 
out causing unnecessary handling of the coal or ore. 

If engine or other mine houses contain any wood they should be 
placed at least 60 feet away from the shafts. No open fires should be 
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permitted in the head house, the tipple, or the engine house; these 
houses should be heated by steam or hot water. The floor of the 
engine house should never be built of wood, because upon the safety 
of the engine often depends the safety of the men underground. 

Oil houses and timber piles should not be permitted within 200 feet 
of mine shafts. Buildings that will burn should not be placed between 
two shafts that are less than 500 feet apart. 


WATER SYSTEM. 


Unless mine buildings and their contents are fireproof, a condition 
that seldom exists, there should be plenty of water to fight both 
underground and surface fires. In addition to large reservoirs, unless 
there is a natural head of water at the ground level of over 25 
pounds per square inch, equal to about 60 feet vertical elevation, 
there should be a tank of at least 5,000 gallons capacity placed at 
this elevation. With such a quantity and pressure, even when the 
supply pump is not running, there is always water enough to put 
out an incipient fire. 


AUTOMATIC SPRINKLERS. 


Where buildings are not fireproof, automatic sprinklers, when put 
in according to the rules of the National Fire Underwriters’ Asso- 
ciation, are of great value. 


HYDRANTS. 


It is best to place a hydrant not less than 40 feet nor more than 100 
feet from each building or group of buildings, and a 14-inch hose 
with nozzle at each hydrant. The hose should be kept on a reel or 
equivalent device @ in a box or small house ready for instant use. 


PROTECTION FROM FREEZING. 


Automatic sprinklers should be used only where there is provision 
against freezing. Hydrants should be self-draining and nonfreezable. 
Water lines should be placed below the frost depth of the district. 
Tanks and water pipes above ground should have a protection against 
freezing like that of railroad water tanks. 


PIPE FITTINGS. 


All pipe fittings, including hose connections, for fighting mine fires 
should have standard iron-pipe threads. This was brought to the 
attention of the engineers of the bureau at one large mine fire where 
there was a serious delay because the fire-hose connections could 


a The National Fire Underwriters’ Association recommends for cotton hose the use of a hinged arm, 
on which the hose is looped, in preference to a reel. 
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not be attached to the mine pipe lines. Duplicates of all parts 
should be on hand. 

A valuable device for fighting fire is that in use in the fire-fighting 
and training station at Beuthen, Upper Silesia, Germany. This is 
a special swing connection with gate valve attached which can be 
clamped anywhere on a pipe. By using a ratchet drill through the 
open valve, a hole can be drilled in a main that contains water under 
pressure. When the hole is finished the drill is withdrawn and the 
valve closed until the hose connection has been made. All this 
can be done in a few minutes. The device suggested is a valuable 
tool, particularly inside the mine when it is necessary to get water 
from a main at some point where there is no connection for the hose. 
A similar device is used in cities in the United States for tapping gas 
and water mains. 

HOSE AND NOZZLES. 


The hose and the nozzles supplied in the past have often been too 
large for quick use. For mines, particularly, it seems best to select 
hose that is small enough to be handled under pressure by one man. 
Informal tests made by the Illinois Mining Commission, at the 
Chicago laboratory of the National Fire Underwriters’ Association 
(Jan. 29, 1910), and at the Bureau of Mines testing station at Pitts- 
burgh, indicate that the best size for one man to handle easily 
is 14-inch, with a }-inch to #-inch cone nozzle. It was also indicated 
in these tests that one man can not readily handle such a hose and 
nozzle in a narrow place, such as a mine entry or heading, when the 
water pressure reaches above 40 pounds per square inch, and only 
with difficulty when the pressure is 50 pounds or over. 

In the Chicago tests the trajectories of jets from a smooth cone 
nozzle one-half inch in diameter were measured for pressures of less 
than 40 pounds at the hydrant. The length of the cotton hose 
tested was 50 feet, its diameter 14inches. The nozzle was held so that 
the orifice was 12 inches above the floor, and the top of the water-jet 
trajectory in each case was made tangential to a plane 6 feet above 
the floor. The measurements * given below represent the horizontal 
distances from the nozzle to the farthest point at which the stream 
struck the floor. 


a These measurements were recorded by the author, who assisted in the informal tests at Chicago on 
January 29, 1910. 
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Lengths of trajectories of streams under different pressures. 


Distance to | Horizontal 
Pressure Per) “point of | length of 
aq! "| tangency. trajectory. 


Pounds, Feet. Feet. 
10 16 32 
15 20 40 
20 23h 47 
25 27 53 
30 29 58 
35 324 63 
40 34 68 


@ Average of distances to points where the stream struck the floor. 


TESTS WITH HOSE IN EXPERIMENTAL MINE NEAR BRUCETON. 


A series of tests in the experimental mine near Bruceton, Pa., 
was made on May 2 and 3, 1912, with 14-inch rubber hose, 50 feet 
long, nozzles of different sizes and varying water pressure. The 
hydraulic head was obtained by means of a tank placed above the 
mine. <A pressure gage was inserted between the valve of the water 
main and the hose connection. The hose had one 90° curve near 
the gage and was coiled back on itself in the mine heading, making a 
turn of 180°; there was also a slight curve close to the nozzle. The 
end of the nozzle was held up by a block, so that the center of the 
orifice was 10 inches above the floor. The mine entry in which the 
tests were made was 74 feet high and had a smooth concrete roof. 
The nozzle was held at such an angle in each test that the jet just 
touched the roof. The distance was then measured from the nozzle 
to the point of tangency at the roof and to the extreme end of the 
water jet where it struck the floor. Asa jet leaves a nozzle it spreads; 
the farther the stream is thrown the greater the divergence. Conse- 
quently in the tests the distance from the nozzle to where the bottom 
edge of the main stream struck the ground was also measured, the 
finer spray being disregarded. 

The five nozzles used in the tests were ordinary cone nozzles hav- 
ing the following diameters of orifice: 7%, 4, %, §, and finch. The 
zs, 3, and $ inch nozzles were of the ordinary long-cone type; the 
others, the 3% and } inch nozzles, were short-cone nozzles, the end 
piece having been unscrewed. The results of these trials were 
tabulated and curves were platted, with pressures and distances as 
the coordinates. The plat is not shown here, but the following table 
was obtained from the average curves: 
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Water thrown by nozzlzs.« 


[Orifice of nozzle, 10inches above the floor; stream curve tangent to roof, which is 7} feet above floor; 14-inch 
rubber hose, 50 feet long.) 


i 

Pressure | pjam- Water 

pet square! sterof | Nit | P| OF | Sow 
nozzle. 

hydrant. minute. 


Pounds. Inches. Fe. ae. Feet. | Gallons. 


4 
10 a 293 | 3 304 
154 27 32 = 
H 15 264 32 48 
ve ot 32 434 233 
23 35: 47 283 
15 i 22 at 45 37 
i 204 314 42 43 
20 31 41} 583 
Ys 26 34, 51 27 
i a 38 54 33 
| 20 26 523 | 42 
i 25 34 50 os 
244 334 494 66 
ve 29 36 57 30 
of ih) &| 8 i 
28 354 56 554 
{ 28 35 56 73 
te 31 62: 32 
4 33 41 bat tot 
30 vs 32 38 64 52 
| 31 36 614 iy 
304 36 61 79 
as 334 37 664 35 
, 35 42 70 43 
35 34 39 68 He 
| 36 65 65 
324 36 644 85 
te 37 70 37} 
36 42 74 45h 
7 ; 


a The tests were made under the direction of the author at the experimental mine during May, 1912, by 
L. M. Jones and H. I. Smith, mining engineers. 

b N= Horizontal distance from orifice of nozzle to the point where the stream curve is tangent to the 
toof P= horizontal distance from orifice of nozzle to the point where the lower part of the stream strikes 
the floor; O=horizontal distance from orifice of nozzle to the point where the upper part of the stream 
strikes the floor. See figure 1. 

The results listed in the table were obtained under ordinary con- 
ditions of working at the mine; therefore they may vary considerably 
from the theoretical trajectories and discharges of water jets. This 
is particularly true of the quantity discharged. The 3%; and ? inch 
nozzles were short and did not show results directly proportionate 
with those obtained with the longer nozzles. The volumes of dis- 
charge were proportionately larger, but the jets showed more tendency 
to break up into spray. 

As shown in the foregoing table, the 4-inch nozzle threw the water 
farthest; the 3-inch was next, and then the 74-inch. The larger 
nozzles allowed a greater quantity of water to pass, but owing to the 
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frictional resistance in the hose, caused by increased velocity in the 
hose, the distance which the water was projected was not so great. 
It would appear from these tests that the 4 or +5 inch nozzle is best 


adapted for use in connection with 14-inch 
hose. 

The distance from the nozzle to the 
point of tangency at the roof is the effec- 
tive fire-fighting distance when the fire 
is in the roof or roof timbers. 


FIRES UNDERGROUND. 


FIRES IN COAL BEDS NEAR OUTCROP. 


Fires that destroy large areas of valu- 
able coal are sometimes started at the 
outcrop where the coal is exposed natu- 
rally or by prospect holes and quarrying. 
Such fires are sometimes started by camp 
fires or even by carelessness in near-by 
mining operations. The extensive Car- 
bondale, Pa., fire is said to have been 
caused by dumping ashes from a boiler 
plant upon an exposed outcrop. When 
the fire starts, as in thisinstance, in coal 
beds that have been partly mined, its 
progress is very rapid. Obviously, had 
a fire, starting as the Carbondale fire is 
reported to have started, been attacked 
immediately, a few barrels of water would 
have put it out. 

In the arid regions of the country, as 
in Colorado and Utah, vast areas of out- 
cropping coal were destroyed in prehis- 
toric times, and coal beds may be fired 
to-day at an outcrop by camp or forest 
fires. It should be the clearly defined 
duty of owners or of State or Territorial 
authorities to attack and put out these 
fires promptly, although there may be 
no mines in the neighborhood. ° 


FIRES IN SHAFTS, SLOPES, OR OTHER MINE ENTRANCES. 


FIGURE 1.—Maximum trajectory of a water jet in an entry 7} feet high. Pressure at hydrant. 40 pounds; length of hose (rubber), 50 feet; diameter 
of hose, 14 inches 


Fires rarely start in shafts, because these are generally damp or 
wet. In slopes or drift entrances fires are as likely to occur as in any 
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mine passage or level, with greater danger if the slope or drift is tim- 
bered and is connected with outside buildings. 

Special fire risk is attached to shaft landings or ‘‘bottoms.”” Here 
the coal cars are run on the cages or the ore cars are dumped in the 
skips. The cagers, trip handlers, and drivers, or, in metal mines, 
the trammers, gather here. Also, when changing shifts, many min- 
ers gather at these landings. If open lights are used in the mine, 
some miners, while they wait, change the wicking of their lamps. 
The discarded wicking or pieces of cotton waste used for cleaning the 
lamps are often thrown into some corner in a smoldering condition 
and thus serve to start afire. If it is a metal mine, in which candles 
are generally used, the candle ends are liable to be thrown or dropped 
with smoldering wicks into some corner where there is material that 
will burn. Frequently there are boxes, storage cabins, or under- 
ground offices near the shaft bottom or landing. It is a common 
thing to line these with wood and to place in them boxes that contain 
combustible material. If men bring open lamps or candles or are 
allowed to smoke tobacco there, danger is constantly present. It has 
been observed by engineers of the bureau that on the wood landings 
in certain metal mines, candles in holders with tin sides but open 
bottoms have been left burning when there was no attendant. When 
the candle burns down, the end of the wick drops to the floor; the 
shield guards the flame, but does not prevent the fall of the burning 
wick. 


SAFETY PRECAUTIONS AT SHAFT BOTTOMS OR LANDINGS. 


If possible, brick or concrete linings, or ‘‘steel timbers,” with as 


little wood as possible, should be used at shaft bottoms or landings. 
There should always be a water main large enough to supply several 
streams of water near the shaft; this main should be not less than 
3 inches in diameter. The water pressure is of great importance. 
The informal experiments made at the Chicago laboratory of the 
National Fire Underwriters’ Association proved that one man unaided 
can not control easily a 14-inch hose with a smooth cone nozzle of 
}-inch diameter when the pressure is from 40 to 50 pounds; on the 
other hand, to throw the stream far enough to be of value, the pres- 
sure must be not less than 20 pounds per square inch (46-foot head).¢ 

A pressure of 20 pounds is easy to obtain; the usual difficulty in 
shaft mines is to control or keep the pressure down to 50 pounds. 
This control can be had by an automatic reducing valve at the foot 
of the shaft-column pipe, but such a device is open to the objection 
that it is liable to get out of order. Another method of controlling 


a The fire underwriters consider that for cotton hose a hinged arm over which the hose is folded is 
better than a reel in buildings where the hose is to be attached permanently; but, as cotton hose is seldom 
used in mining, since it deteriorates rapidly in mines, because of continued moisture, dirt, and acid water, 
it is probable that for mine use rubber hose on a portable reel will best meet all requirements. 
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high pressures is to open very slowly the valve at the hose attachment. 
Unfortunately, in the haste of the moment, the valve is liable to be 
opened too far, and the hose becomes uncontrollable. A third plan, 
more expensive than the others but more certain in deep shafts, is 
to place a tank or sump 90 to 100 feet from the bottom of the shaft, 
thus obtaining the desired pressure of about 40 pounds. The water- 
supply pipe from the surface should discharge into the tank, in which 
a float should automatically close or open a valve in the column pipe. 
Obviously, for winter use such a tank must be placed in an upcast 
or in a neutral shaft to avoid freezing. 


SHAFT WATER COLUMN. 


For fighting fire underground, there must be mains from a surface 
supply down one or more of the shafts, unless the drainage water of 
the mine can be used, but whether supplied with surface or drainage 
water, the mains must be ready for any emergency, being kept full 
of water all the time and connected to a tank or reservoir on the 
surface to obtain a natural head. This emergency supply should 
be not less than 5,000 gallons, preferably much more. In districts 
that have cold weather, to prevent freezing, either the water must 
be warmed or the water column must run down the upcast shaft. 


WATER TAPS. 


Water taps not more than 100 feet apart should be provided along 
the landings or main bottoms. The water pipe and taps, if not 
extended throughout the mine, should be in all the passageways in 
the vicinity of the shaft or shafts, and along the main roadways for 
several hundred yards. As previously stated, the water main should 
be not less than 3 inches and the branch lines not less than 2 inches 
in diameter. In a coal mine the taps can be used in wetting down 
coal dust. 

Reels of 50-foot lengths of 14-inch hose with nozzles attached 
should be placed in recesses or in portable boxes at intervals of about 
200 yards, and there should be at least three such reels at easily 
accessible points in the immediate vicinity of the shaft. 


PASSAGEWAYS BETWEEN SHAFTS. 


Where shafts or shaft bottoms are lined with wood and are con- 
nected by a cross passage, it is important that this passage have at 
least three doors, preferably steel, hung in brick or concrete frames. 
Such doors prevent fire in or near one shaft short-circuiting to the 
other shaft. 
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PUMP, ENGINE, AND MOTOR ROOMS. 


Generally there are underground pump rooms and engine rooms in 
which oil and waste must be used. If steam is the source of power, 
the danger of spontaneous fires from oily waste, through heating and 
drying, is much increased. 

It is folly to build such inclosures of wood and to allow storage of 
any combustible material, except what is required for a day. Often 
no attention has been paid to the dangers incurred and many serious 
mine fires have resulted, one of which occurred recently. 

In all pump, engine, and motor rooms there should be metal- 
covered boxes for waste, and also some sand to throw on the waste in 
case of fire. The waste boxes should be emptied two or three times 
a week. 

All motor, generator, or transformer rooms should be arched and 
lined with a noncombustible material, such as brick or concrete and 
should be floored with cement. The entrances should have fire 
doors, so that serious fires can be shut in if necessary. Fire may 
result at any time from short-circuiting, and ignited insulating mate- 
rial may make a dangerous fire. A supply of sand should be kept in 
buckets for use in putting out such fires. 

In pump rooms and engine rooms where machine oil is used, only 
enough for one, or at most two days should be kept. It should be 
in cans and locked in noncombustible boxes in which no waste or 
other material is placed. 


CAR-OILING STATIONS. 


In many mines, especially in coal mines with shaft openings in 
which the cars are ‘‘caged” on one landing or “ bottom,” oiling or 
‘‘oreasing” the car-wheel bearings is done underground. 

The black oil for this purpose is often left in open barrels at one 
side of passing tracks, and the oil can or squirt gun is filled from the 
open barrels. If the barrels are exposed to the intake air, in winter 
the oil tends to freeze; as a result pails of oil are sometimes warmed 
by torches. When the oil is thus left exposed, and open-light torches 
are used by the men in the vicinity, the oil is liable to be set on fire. 
A fire that caused the death of 29 men in the Hailey-Ola mine No. 1, 
Haileyville, Okla., on August 26, 1908, started in an open barrel of oil.¢ 

On February 22, 1912, a fire occurred in Mine No. 5, at Lehigh, 
Okla. This fire is said to have been caused by a miner’s open light 
accidentally igniting car oil that was in the drip tub of a steam-heated 
oil heater near the foot of the downcast shaft. Nine men were suffo- 
cated and nearly 200 men in the mine were endangered. 


a Mineral Industry, vol. 19, 1910, p. 144; Eng. and Min. Jour., vol. 86, September 5, 1908, p. 493. 
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Wherever feasible, car oiling should be done on the surface. If 
oiling on the surface is not practical, the oil should be keptin a fireproof 
room with cemented floor and an emergency fire door of steel plate. 

If the oil requires heating, this should be done by hot-water coils; 
if steam is used the pipes should not be in direct contact with the oil. 
A drip pan should be used and frequently emptied. 

The oil room should be lighted with protected electric lights or 
with safety lamps. No open lights should be permitted within the 
inclosure. 

A supply of dry sand and buckets of water should be kept at hand 
to put out a fire that might start in spite of the precautions taken, 


HORSE OR MULE STABLES. 


Fires in stables are especially dangerous. The speed with which 
fire spreads in loose hay or straw aided by the usually large amount 
of wood or timber present makes such fires hard to fight. Stables 
should not be lined with wood; they should be arched, and the parti- 
tions and stalls should be made of iron or concrete. Supplies of 
baled hay and straw should be brought into the mine in small quan- 
tities and then only when wet or covered with wet tarpaulin. The 
hay or straw should be stored in a separate inclosure behind 
locked doors or grating. Straw, hay, and other material that will 
burn should be taken into the mine on that shift-which has the 
smallest number of men. 

In several handy spots in and near the stables there should 
always be hydrants and coils of hose. If the stable is timber lined, 
automatic sprinklers should be present. 

Each stable exit should have an emergency fire door, or doors, of 
steel plate hung in a concrete or masonry doorway. 

Open lights should never be permitted in a stable. When the 
mine is an open-light mine, men entering the stable should be required 
to leave their lamps at the entrance. A fireproof closet or space 
should be provided and arranged with hooks or shelves for the lamps. 
If incandescent lamps are not used, there should be lanterns, or 
preferably safety lamps, to be exchanged for the open lights carried 
by men entering. 


FIRES WITHIN THE INTERIOR OF MINES. 


Fires within the interior of coal mines are seldom accompanied by 
loss of life, as there are usually several ways of getting out of a dis- 
trict; the air currents carry the odor of the burning material to the 
men working on the return side so that they are nearly always thus 
warned in time to escape. 
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In metal mines, however, the movement of air is often sluggish 
and many levels or crosscuts are driven a long distance with no other 
provision for ventilation than the exhaust of the air drills. Under 
such circumstances, a fire starting in timbering at the entrance to a 
gangway may cut off the escape of men working at the breast. 

Fires starting in the face or breast of the workings, either in coal 
or ore, usually do not endanger life nearly as much as do fires near 
the shafts or inlets, though in coal mines they may be hard to put out 
and are particularly dangerous if the mine is gaseous. 


METAL-MINE FIRES IN STOPES OR GANGWAYS. 


Fires in stopes or gangways are almost always caused by careless- 
ness in using candles or torches. The remedy is a strict enforcement 
of rules forbidding small candles or torches to be left burning when 
the miner or miners leave a timbered breast, even for a short time, 
and requiring all wicks or candle ends to be out when thrown away. 


SPONTANEOUS FIRES IN METAL MINES. 


Tn large sulphide ore bodies in the mines of certain districts fires 
have resulted frequently from caving. The friction of the sliding 
mass of ore along the walls has caused sufficient heat for ignition. 
Such fires are likely to occur where the square-set system of timbering 
and filling has been used; whether or not the timber acts as tinder is 
a question. The manager of one of the large copper companies 
states that 90 per cent of the fires in the mines under his supervision 
have occurred in old workings, and were due to spontaneous com- 
bustion. When fires have occurred concrete bulkheads have been 
erected, with an outlet for the gas or smoke, and with connections to 
a raise or drifts to the surface. A door and slide shutter are provided 
far regulating the outflow of gas. In opening new ore bodies at the 
present time as little timber as possible is used. In the mine in 
question concrete frames and iron doors were erected on the main 
levels to cut off the main shaft in case of trouble. The ‘‘plenum 
system”’ is used for ventilating the fire districts; that is, air is blown 
in under sufficient pressure to hold back the gases permeating the 
fractured ground. Too much pressure is avoided to prevent feeding 
the fire. This mine uses ventilating fans, and in the aggregate 35,000 
cubic feet of air per minute is blown into the workings. 


FIRES FROM BLASTS. 


Another cause of preventable fires in metal mines is blasts setting 
fire to timbers. This may occur in reopening broken ground or in ~ 
blasting close to timber. In the latter case the timber should be 
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cleared away. Instead of using dynamite, which has a long flame, 
a short-flame ‘‘permissible explosive’? should be used wherever 
there is much wood in the broken ground that is driven through. 


WITHIN COAL MINES. 


Fires in the interior of coal mines may be grouped, for discussion, 
by locality, as follows: (1) In gangways or entries; (2) at the face 
or ‘‘in the solid’’; (3) in pillar workings; (4) in abandoned workings. 


IN ENTRIES AND HEADINGS. 


Fires in entries or headings are started generally by open lights 
setting fire to dry timber or brattice cloth, usually at a siding 
where men gather to rest. Mules or horses may be fed at such 
places and hay may be littered around. At a ventilating door the 
trapper boy sometimes digs a hole in the rib at one side of the door 
in which to rest while waiting for trips to pass. Engineers of the 
bureau have examined mines in which it has been noted that these _ 
resting places have been lined With loose hay. There have been fires 
that were said to have started in one or another of these ways. 

To lessen the chances of such fires, safety lamps should be sub- 
stituted for the open lights. English statistics indicate that there 
are vastly more accidents in open-light mines than in safety-lamp 
mines in the same districts. 


AT FACES. 


Fires at the face may be caused by a blast setting fire to the coal 
or to small gas “feeders.” Blasting is probably the most fruitful 
source of mine fires in this country, and largely because of the exces- 
sive use of black powder and dynamite in many coal fields. In 
certain western coal fields it is not uncommon for several fires to start 
in a mine every night from shooting. ‘Fire bugs”’ or ‘‘fire runners” 
(firemen) are employed in these mines to put out the fires. Such 
fires break out more often in mines that ‘‘make a little gas,” than in 
what are termed “gaseous mines,’’ because more precaution is taken 
in the latter; yet a shot overcharged with black powder or dynamite 
is liable to set almost any bituminous coal on fire. 

Permissible explosives ? used under the Government regulations 
lessen the chance of fire. Inspection of the shots as soon as possible 
after firing and the placing of portable fire extinguishers in boxes 
at convenient points are wise precautions. A still wiser precaution 
is to have a complete system of water pipes throughout the mine 
with taps at intervals of not over 100 feet and with portable hose and 
nozzle at regular intervals of about 200 yards. This system has been 


a See Bulletins 10 and 15, and Miners’ Circular 6, Bureau of Mines. 
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employed in a number of mines. Although its first cost is con- 
siderable, it affords efficient fire protection; moreover, in bituminous- 
coal mines it is convenient for laying coal dust, thus lessening the 
danger of explosions. 


IN PILLARS, 


Fires in pillar workings, that is, where pillars are being drawn, 
start in much the same way as those in solid workings, but pillar 
fires originating from explosives are less frequent because smaller 
charges of explosives are usually needed for pillar coal. 

Fires in pillar workings are harder to put out by direct attack than 
those in the solid coal on account of the falling roof; if stoppings 
must be used, they can not be built so readily, nor made tight in the 
broken coal. In consequence, large areas may have to be inclosed or 
sealed. 

IN GOB AND ABANDONED ROOMS. 


_ Gob fires are frequent in the lignite and subbitumimous coal of the 

Rocky Mountain fields, in the bituminous coal of the Iowa and Mis- 
souri field, and parts of the Lllinois field, also to a less extent in other 
coal districts of United States. Generally their origin is due to spon- 
taneous combustion. In coal mining the terms ‘‘spontaneous mine 
fire” and “gob fire’’ are almost synonymous. These fires may start 
in abandoned or caved workings of any mine, and in the process of 
pillar-drawing if the work proceeds slowly. Gob fires are particularly 
liable to occur in mines in which the coal absorbs oxygen rapidly. 
Such coal has a relatively low fixed-carbon content and a high mois- 
ture content. It is a debated question how far the sulphur content 
of the coal (visible as iron pyrite) is responsible for spontaneous fires. 
Formerly it was believed to be the chief factor; now it is generally 
thought to be only an auxiliary factor. In either case it is safer 
to load the ‘‘sulphur balls” into cars and send them out of the 
mine. If they are abundant they may be sold to manufacturers of 
sulphuric acid, as is done by certain mines in Illinois, Ohio, and other 
States, thus partly compensating for the cost of handling. 

Often ‘“‘bug dust”’ (machine cuttings) left in the goave of longwall 
workings is particularly liable to give trouble by firing spontaneously ; 
moreover, in open rooms dry coal dust, if stirred up by a blown-out 
shot, is a source of danger from its liability to ignition. Therefore all 
cuttings and fine coal should be sent out of the mine. 

In the Illinois and Iowa coal fields, among others, the author has 
observed that where water drips on the gob there is especial liability 
to heat, probably because of alternate wetting and drying, which 
is a well-recognized cause of spontaneous firing in storage piles on the 
surface. 
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A gob fire probably originates in the following manner: The coal 
and the shale from the roof or partings disintegrate as the occluded 
gases escape; at the same time oxygen is absorbed. At first oxida- 
tion is slow. In a goave when the roof falls the heat is retained so 
that the temperature rises. With the rise in temperature more gas 
is liberated, and oxidation becomes more rapid. These reactions con- 
tinue until the temperature reaches a dangerous point. 

Fires often originate in the vicinity of timber. It has been sug- 
gested that timber acts as tinder; in other words, it probably ignites 
more easily than the coal itself. 

The outward manifestations of a spontaneous gob fire are, first, 
that beads of moisture appear on the roof and upper part of the 
timber props at the edge of the gob—the heat may or may not be 
appreciable; second, that the heat becomes perceptible and the drops 
of moisture disappear—thereafter the rise in temperature is very 
rapid. In the beginning of a gob fire the circulation of air is insuffi- 
cient to carry off the heat developed in the gob, yet enough air is 
present to cause slow oxidation. These opposing conditions are not 
easily met, and gas if present causes difficult complications. 

In pulling pillars or in longwall work, it is very difficult and in some 
cases impossible to ventilate the goave sufficiently to keep it cool. On 
the other hand, the working places of the miners must be ventilated 
and some of the air current drifts into the goave, thus providing 
sufficient air for the oxidation.? 

In some coal fields the fallen shale or ‘“‘slate”’ roof fires ‘‘spontane- 
ously.”’ In the Iowa field and in some parts of the Illinois field it 
is necessary to seal off rooms as soon as they have been finished or 
have been stopped by great falls; otherwise the material heats and 
fires quickly. It would be better if the pillars in such mines were 
extracted, so that there would be a complete closing down of the roof. 
Gob fires rarely occur in a tightly packed longwall goave, and never 
where hydraulic filling or flushing is employed, as in Upper Silesia, Ger- 
many. This is one reason why this system has been used in the thick 
(20 to 40 foot) coal bed of that district, where formerly gob fires were 
of frequent occurrence and difficult to extinguish. 

Where the customary room-and-pillar system is employed in mines 
liable to gob fires, if the pillars can not be quickly drawn, it is 
generally best to seal off promptly before the gob heats. A concrete 
or brick wall, coated with cement, should be used, a pipe with a gate 
valve being put through it near the top, so that temperature readings 
and samples of the gases may be taken. There is serious objection 
to sealing off rooms when the mine produces methane in any quan- 


a For some interesting notes on mine fires, see Redmayne, R. A. S., On the causes of and the circum- 
stances attending the explosion which occurred in the Jamage pit of the Bignall Hill colliery on Saturday, 
November 25, 1911, Report to the Home Office, London, 1912. (Ed. 6152.) 
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tity, because a large body of standing gas, even behind a strong 
stopping, is a constant menace. In such a mine the pillar-and-stall 
method of mining, or some form of longwall, should be employed. 


CAUSED BY ELECTRICITY. 


Fires from electric incandescent lamps are liable to be caused by 
allowing such lights to rest in contact with wood or coal dust, or 
even the coal itself. 

A more fruitful source of fires is the short-circuiting of improp- 
erly installed lighting or power cables. The remedy is to have all 
electric lights and wires installed and regularly inspected by a com- 
petent electrical engineer. 

Trolley wires for an underground haulage road should be installed 
with great care and should be inspected often. Several serious mine 
fires, one of which involved the loss of a large southern Illinois mine, 
are said to have been caused by the short-circuiting of trolley wires, 
which set fire to the wooden frames of doors. To protect against such 
short-circuiting, doors, when necessary along the trolley road, should 
be set in brick or concrete frames. 

Another cause of fire along entries is the grounding of power lines 
or trolley-road returns. Many fires have originated from this cause. 
In this country power lines in mines are seldom armored or even 
rubber covered; a fall of roof or a movement of timber may bring 
the bare charged wire in contact with either wood or coal. If such 
lines are placed in entries not often traveled, as is frequently done, 
a fire may become serious before it is discovered. 

The remedy is regular inspection at least twice a shift while the 
current is on, or the armoring of such cables. In long-lived mines 
it may prove economical in the end to have the power cables 
inclosed in conduits that lie in covered trenches. 

Underground ventilating fans, especially so-called “‘booster’’ fans 
to help the surface fans, are being used more and more. In Europe 
such fans are usually driven by compressed air, a safer but more expen- 
sive method than by electricity, which is used in this country. As 
it is necessary in most places to drive the fans all the time day after 
day, it is evident that in spite of daily inspection there is liable to 
be a time when an armature gets overheated and the insulating mate- 
rial takes fire. This is supposed to have happened in a large Ohio 
mine where the fire got beyond control, so that a large section of the 
mine had to be sealed off. 

Generally such fans have been set in wood frames or there has been 
timbering near at hand which could be set on fire by the burning of 
the insulating material. 
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The remedy is to set such an electrically driven fan in a non- 
combustible frame, to line the passageway for some yards with brick 
or concrete, and then to inspect the fan often. 


OAUSED BY DUST OR GAS EXPLOSIONS, 


Great explosions of fire damp and particularly of coal dust nearly 
always leave fires in their trail along timbered entries or where the 
coal dust is thick. The using up of the oxygen and the damp- 
ing effect of the carbon monoxide and dioxide produced by the 
explosion fortunately put out most fires thus started. But if the 
ventilation is quickly restored in order to save life, or if there are 
areas not reached by the explosion and able to supply air, the fires 
are likely to revive. In a certain break-through between rooms, in 
an Alabama mine, the burning dust from an explosion fell on a pile 
of fine coal, and the fire lay dormant for several days; then, when 
the ventilation was restored, it burst out actively. 

Fires resulting from explosions and general methods of recovery of 
burning mines will be discussed in detail in subsequent publications 
of the Bureau of Mines. 


FIGHTING MINE FIRES. 


To fight mine fires the possession of proper appliances is necessary 
of course, but even more necessary is the organization of a fire-fight- 
ing force and the systematic arrangement of the appliances. 

The easiest time to put out a fire is within a few minutes of the start, 
when one man, with (or even without) an extinguisher, may be able 
to put out with ease a fire that half an hour later may progress so far 
that direct attack is impossible and the sealing of a section or even 
of the whole mine may become necessary. 


ORGANIZATION. 


Two things are of great importance in fighting mine fires: 

First. A system of patrol should be established. The foreman and 
assistants should so divide or district the mine that every district is 
readily patrolled or examined. The same patrol is needed for other 
work, such as inspection of the roof and timbering and supervision 
of the working force. Often no additional men would be required 
for this work, but simply a careful division into districts, as in the 
‘‘deputy system” of Yorkshire, England. Even when additional 
men are required by this system the saving, besides the greater 
security, justifies its adoption. 

Second. Fire-fighting brigades should be formed. It is not to be 
expected where, as at the average mine, there are a large number of 
employees who do not speak English, that the whole mining force 
could be interested in the movement at first, but in all mines there 
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are foremen and assistants, who speak English. They, from the 
nature of their position, can generally be relied upon to carry out the 
purposes of the management, and could form the foundation of the 
organization. In general, the chief foremen would have correspond- 
ing positions in a fire-fighting organization. The regular pumpmen, 
assisted by the machinists, should have the duty of handling the 
fire pumps, if there are any. 

Each district should have for its local chief a man who in the 
course of his regular duties would always be within this district. He 
should have appointed to answer fire calls promptly a number of 
men who would leave their regular work only on emergency calls. 
To each of these men would be assigned a special duty, such as 
getting hose, turning on water, getting portable extinguishers or 
breathing apparatus, notifying the miners in the district to get out 
by certain roads, or to open or shut emergency doors. 

It is probable that there will be not enough assistants or even 
‘‘company men” (paid by the day) who speak English; but un- 
doubtedly the ranks can be filled with mimers interested by reward or 
appeal to their ambitions. 

Fire drills should be undertaken at regular intervals in each dis- 
trict, say twice a week. A convenient time is during the lunch 
period when haulage is stopped, the squad eating lunch before or after 
a drill, These drills should be for different assumed locations of 
fire. Similar fire-fighting squads should be organized for surface 
fires. Competitive monthly drills, in connection with which rewards 
are given, will sustain interest in the work and exercise the inventive 
faculty of the men along fire-fighting lines. 

When the mine is near a town, a plan to cooperate with the town 
fire department is advisable. Such cooperation has been adopted 
in a number of the mining towns of Germany, and in Newcastle, 
England, with a large shipbuilding plant.% ‘ 


FIRE MAPS. 


Important help would be given to fire-protection organization by 
providing each fire division with special fire-fighting maps, a gen- 
eral map of the mine, and separate maps of each fire division. 
These maps should not be too large for easy inspection, each one 
being not over 2 by 3 feet. 

The general fire-fighting map should be only a skeleton map of 
the mine showing the shafts and entries, and levels or headings, 
with the pipe lines and taps or hydrants, pumps, sumps, fire signals, 
and the ventilating system, including overcasts and doors, as in fight- 


a See Blackett, W. C., Report of Newcastle joint rescue station. Trans. Inst. Min. Eng., vol. 41, pt. 2, 
1910-11, p. 253. 
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ing some fires a change in the direction of the ventilating current 
might be essential. 

The division maps should show the details of the mine workings 
within each division, and in addition all details of fire-fighting appa- 
ratus. These division maps may be sun prints on cloth—black lines 
on a white background—printed from the regular mine-map tracing. 
After the prints of each division have been made, the position of 
fire apparatus should be shown on the maps with waterproof red 
ink. Each foreman in charge of a squad should be supplied with a 
set of maps which should be kept at the division headquarters of his 
district. 

The management should accustom the fire-fighting corps to the use 
of these maps by marking on them for fire drills the position of 
assumed fires. 


REFUGE CHAMBERS AND DIVISION HEADQUARTERS. 


As has been pointed out already, for efficient organization the mine 
should be divided into fire districts, which, so far as possible, should 
be the natural divisions of the mine for ventilation and for inspec- 
tion. Each division should have headquarters, where the fire-fighting 
appliances may be kept. These headquarters should be provided with 
a telephone, and the author proposes that this place should be made 
into a refuge chamber, to be used whenever the exits of the mine or 
district are shut off by falls, by fires, or by gases. 

In a typical explosion the main roads may be badly wrecked, but 
there are usually areas of workings practically undisturbed in which 
the victims are killed by suffocation. 

This condition has existed in many mine disasters. In the great 
Courriéres (France) disaster of March 10, 1906, in which 1,100 men 
lost their lives, 13 entombed men escaped after 20 days. At the 
mine explosion at Primero, Colo., on January 31, 1910, one man was 
rescued after 103 hours, and 10 others might have been saved had 
they remained in their working places after the explosion. Fol- 
lowing the Starkville, Colo., explosion of October 8, 1910, about 35 
men traveled 100 to 1,000 feet from their working places before being 
overcome. In the Briceville, Tenn., explosion on December 9, 1911, 
5 men were saved from suffocation by barricading themselves. At 
the explosion at McCurtain, Okla., on March 20, 1912, 13 men saved 
themselves by collecting at and bratticing off a place where there was 
a 14-inch compressed-air pump which gave fresh air from its exhaust. 
In fires cutting off the mine exits, men at remote points in the mine 
may live for hours, days, or even a week if bratticed off as were the 
20 men who escaped at the Cherry mine. Division refuge chambers 
in these mines might have saved more lives. Telephone communica- 
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tion to the outside would be of great value in such disasters as those 
mentioned above. 

A refuge chamber can be made out of an ordinary mine room or 
chamber by timbering it securely, walling up the crosscuts, and putting 
in double or triple doors at the mouth. Except when the emergency 
arises these doors must be left open and a line brattice led into the 
room from the gangway or entry for ventilation; otherwise a cross- 
cut must be made for this purpose and must be provided with double 
or triple doors.¢ 

In a room, say, 18 feet wide, 150 feet long, and 6 feet high there 
would be 16,200 cubic feet of air. If 50 men were inclosed in such a 
room, there would be enough oxygen to keep them alive for 100 
hours, or about four days, though the effect of carbon dioxide (CO,) 
produced in respiration might be serious in so long a period. If the 
telephone line ran in an underground conduit and then up a fireproof 
shait within the wall, or up a drill hole so as to be protected from fire 
or explosion, the men who had taken refuge could telephone their 
location, and under ordinary conditions they would be reached 
within a day or two. 

To increase the capacity of the chamber, there are two methods: 
To keep compressed oxygen on hand in tanks; or, better, to have a 
direct drill hole to the surface. Air could be forced down such a 
drill hole by fan or compressor; or there could be an air pump at 
the foot of the drill hole to be operated by the entombed men. Food 
and water could be sent down if necessary; but such a chamber can 
be easily stocked with water and canned provisions, as well as medi- 
cal supplies. 

Suitable closets and shelves should be made for all the apparatus. 
The fittings of such a division headquarters need not cost much, but 
should be readily movable so that the cost of shifting the station 
to another chamber would not be great. 

The location of the station or refuge chamber would vary with 
each district, but generally when first started would be near the head 
of the workings on the intake air current; as the headings of the 
district advanced and new rooms turned it would be necessary in 
time to shift the station. 

Direction boards should be put up in each district, with arrows 
and easily readable instructions in several languages near them, 
indicating the way to the escape shaft and to the nearest refuge 
chamber. An excellent way to accustom men to going to the refuge 
chamber would be to provide fresh drinking water there at all times, 
an additional supply being kept for emergencies. The chamber might 
also advantageously be made the office of the district inspectors, and 
serve as a tool house, but explosives should not be kept in its vicinity. 


a See Rice, G. S., Refuge chambers in coal mines. Proc. West Virginia Coal Mining Inst., 1910. See 
also editorial in Coal Age, vol. 1, Feb. 24, 1912, p. 648, 
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EQUIPMENT USEFUL IN FIGHTING FIRES. 


Equipment useful in fighting mine fires may be divided into seven 
groups: 
. Breathing apparatus and portable electric lamps. 
. Telephone and alarm apparatus. 
. Portable extinguishers and buckets. 
. Water lines and hose. 
. Fire pumps. 
. Emergency fire doors and stoppings. 
. Ventilating fans. 


SIOor WNW 


BREATHING APPARATUS AND PORTABLE ELECTRIC LAMPS. 


Breathing apparatus, portable electric lamps, and several safety 
lamps for testing should be kept in each refuge chamber or division 
headquarters, both for fighting fire and for self-rescue in a disaster. 
At least two sets of oxygen breathing apparatus of two hours’ capacity 
and half a dozen sets of the self-rescue type good for one-half to one 
hour should be provided for each division station. These should 
be examined often and kept in good condition. Extra charged 
oxygen tanks and extra parts should be on hand.* 

Portable electric lamps, either of the dry-cell, or, if there is a cur- 
rent at hand for charging, of the storage type, are invaluable for 
fighting fire and are necessary for use where breathing apparatus 
must be worn on account of the presence of gases in which the 
safety lamps might not burn or would not be safe to use. 


TELEPHONE AND ALARM APPARATUS. 
* TELEPHONE. 


A telephone system below ground, with connections to the surface 
is an economy in ordinary mine administration, keeps the manage- 
ment promptly informed of mine conditions, and is of vital impor- 
tance. Too often the wiring is put in hastily and improperly, al- 
though it should be put in with even more care than a surface system. 
The wire should, if possible, be taken down a drill hole at some dis- 
tance from the shafts so that the line will be in less danger of being 
cut off by fire or explosion. On account of these dangers it is best to 
have two or more lines pass into the mine through different openings. 

Several makes of good mine telephones inclosed in iron boxes are 
now on the market. They are practically damp proof, and such 
instruments have passed without injury through the severe ordeal of 
a mine explosion. There should be at least one telephone in each 


a For a description of breathing apparatus, see Paul, J. W., The use and care of mine-rescue breathing 
apparatus. Miners’ Circular 4, Bureau of Mines, 1911, 24 pp. 
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fire district, preferably placed at the point where the district fire- 
fighting apparatus is kept. 


AUTOMATIC AND ELECTRIC ALARMS, 


For the surface buildings, automatic fusible-plug alarms are good; 
whether they are adapted to use underground is perhaps a question, 
for the danger of their getting out of order is great. 

Electric-bell fire alarms, operated from one or more points, have 
been proposed to warn mine workers, so that if an alarm is given, 
they may run to the exits. The bells should be placed near enough 
to the working places to be readily heard. This system was tried in 
Illinois as an outcome of the Cherry disaster. It proved liable to get 
out of order, and its use was discontinued. Future improvements 
may make the use of gongs successful, but the telephone will still 
be a necessity. 

Whistle alarms, operated by compressed air, have been suggested 
and might be less liable to get out of order than electric gongs. 

An excellent fire-alarm system in one of the large copper mines is as 
follows: If fire is discovered the hoisting signal system is used. Nine 
bells are rung from the level where the fire has started. These bells 
notify the hoisting engineer that a fire is in a certain level. Theswitch 
board controlling the lighting system is in the hoisting engine room, 
and the engineer immediately pulls the light switch nine times, and 
thus flashes the fire signal to all the parts of the mine that are 
lighted by electricity. This notifies many men at one time, who in 
turn notify miners in the stopes. Such an electric-light fire signal 
has the advantage of being always in repair, is not as likely to cause 
a panic as a bell, and, since it utilizes the lighting system, does not 
involve any additional expense. 


PORTABLE EXTINGUISHERS. 


Extinguishers that throw a stream of water and carbonic-acid 
gas by pressure developed chemically are so well known and have 
been so successfully used for years that detailed descriptions are not 
needed. There should be at least three at each district station, 
preferably more. Such apparatus is better than anything else for 
' quick use, and if a fire has just started, a man can grab the extin- 
guisher, run to the fire, and throw the stream on at once. Other 
kinds of portable apparatus that use dry chemicals sometimes do the 
work, but they have not been so thoroughly tried out in mines. 

Chemicals that have a cooling and extinguishing effect on fires 
have long been sought. There are many places where water can not 
be obtained or applied, as in steep, pitching workings. In large areas 
that have been inclosed or when the entire mine is sealed off, often 
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water can not be used to reach the fire effectively at the high or dis- 
tant points. 

The application of chemicals to fire fighting is a difficult problem, 
which the chemists and engineers of the bureau and others are con- 
stantly studying. The use of dry powdered chemicals in fighting 
mine fires has not yet been satisfactorily developed. The employ- 
ment of carbonic-acid gas and water in jets from portable apparatus 
has already been referred to and commended. In the Pennsylvania 
anthracite field much use has been made of larger apparatus of the 
same type mounted on mine trucks. This apparatus has a tank of 
water in which the pressure is obtained from carbonic-acid gas (CO,) 
generated by the action of sodium bicarbonate (NaHCO,) and sul- 
phuric acid (H,SO,), placed within the tank, and brought in contact 
with each other by the operation of a simple mechanism. 

Another type of tank car is employed at the Beuthen Station, 
Upper Silesia, Germany, in which carbonic-acid gas under a com- 
pression of 2,000 pounds per square inch is carried in a cylindrical 
tank on the same truck as the water tank. In the United States 
there are mine fire engines designed to use the pressure of compressed 
air instead of carbonic-acid gas. The latter has the merit of being an 
extinguisher in itself, but even in apparatus using it the water is the 
important thing for putting out the fire. 

Fire buckets are of great value. If there is a sump or water hole in 
the district, and there is no water-pipe system, or if the system is out 
of repair, buckets may “save the day.” In the experience of the 
bureau’s engineers, fires have been encountered after some great 
explosions and have been put out by water-bucket brigades. Gal- 
vanized buckets appear to be the best, and a dozen of these should be 
kept at each division station. In the absence of water lines or stand- 
ing water, barrels of water should be kept at the station. 


WATER LINES AND HOSE. 


A pipe-line system with taps, hose, and nozzles, has already been 
described (pp. 14 and 15). If it is extended into all the working 
places, as in some mines in this country, it is an admirable system. 
Sometimes the supply to such lines is shut off from one cause or 
another; this is a dangerous practice because the water may not be 
oninsome emergency. There should be frequent tests to insure good 
working order. The pipes should have taps not over 100 feet apart, 
and 14-inch hose with nozzles should be placed at points about 200 
yards apart. 

FIRE PUMPS. 


The water lines should be supplied by gravity from a tank in 
order to be ready for quick use, but there must be also underground 
fire pumps if the ordinary drainage pumps are not available. Such 
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pumps must be readily accessible and located between the intake and 
return airways, so that a split of fresh air can always be carried past 
the pump, whether the ventilation is reversed or not. 


EMERGENCY FIRE DOORS AND STOPPINGS. 


Reference has been made to the need of emergency trap-doors at 
the top of shafts (p. 8) and of emergency doors for the mouths of 
drifts (p. 8) and for entrances to stables (p. 17). Also it is a wise 
precaution to have at the entrance to fire districts or panels, emergency 
doors independent of ventilating doors. They have been adopted in 
a number of mines in the anthracite field of Pennsylvania. The 
emergency doors may be used in fighting mine fires, or, in coal mines, 
to shut off the afterdamp from a local explosion of gas or coal dust. 

If an explosion involving the whole mine should occur, the emer- 
gency doors would be of great benefit in the rapid recovery of the mine; 
and in case the explosion did not penetrate all parts of the mine, the 
men who escaped its violence, if they were unable to reach the 
entrance to the mine, might be able to close the doors of the district 
or panel and thus prevent afterdamp from entering. It has been 
suggested that such doors might be made to close automatically in 
case of an explosion. Whether or not this feature is provided, the 
doors and frames should be recessed to lessen the chance of destruc- 
tion by the explosive force. They should be tight fitting and pref- 
erably made of steel plate. Wooden doors under many conditions 
might be sufficient; in the case of fire, for example, it is a remote 
chance that the fire would reach a particular door as there would be 
no ventilating current to carry the flame. Mine fires are usually 
small in area; the danger to life is from the smoke and gases rather 
than from the flame. 


VENTILATING FANS. 


A controllable ventilating system is of the greatest importance in 
fighting mine fires by active means. This is true not only in coal 
mines, but also in metal mines. All coal mines require a ventilating 
system to carry away dangerous gases, the minimum requirement in 
the various State laws ranging from 100 cubic feet of air per under- 
ground employee per minute to 200 cubic feet in the gaseous anthra- 
cite mines of Pennsylvania; 100 cubic feet is the prevailing minimum 
in the bituminous districts of the country. Usually these quantities 
are much exceeded. 

Although all coal mines must have a ventilating system and prac- 
tically all use fans, in comparatively few mines are the installations 


@ Such steel-plate, recessed, emergency doors have been installed in mines in the anthracite district of 
Pennsylvania; also emergency relief doors in the floors of overcasts have been used there with good results 
when small explosions or windy shots have occurred. 
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made with reference to fighting fires. Not only should the fan be 
built wholly of metal, but the casings also should be iron or steel or, 
better yet, concrete or brick; also the fan conduit to the shaft or to 
the entrance should be of fireproof construction. 

Furthermore, for fire fighting the fan should be reversible, or there 
should be duplicate fans, one a blowing or pressure fan, the other a 
suction orexhaustfan. Itis also best that the air shaft be thoroughly 
fireproofed. If the air shaft is used as an escapeway, the escape com- 
partment should be separated by a thick fireproof partition. It is 
better to have the escapeway in a separate or third shaft. 

The value of having a reversible fan is unquestionable. If a mine 
fire starts near the downcast shaft, a quick reversal will prevent blow- 
ing the gases around the mine and thus will probably save the miners. 
In one instance a fire started in thé intake close to the air shaft; 
through the opening of doors the flame was short-circuited to the 
hoisting shaft, setting fire to the timbering near that shaft and making 
its use impossible before most of the men were out. In such a fire if 
the fan were reversed within the first 10 or 15 minutes the air shaft 
might be burned, but all the miners and the main hoisting shaft would 
probably be saved. It is not easy to determine in the face of an 
emergency what is best to be done, but facilities for effective action 
should be available. 

Where there is a reversible fan, whenever a fire starts near the 
downcast shaft, whether this is a hoisting or an air shaft, if there are 
escape facilities at both shafts—which there always should be—by 
reversing the fan promptly the safety of the men underground is 
assured, although one shaft may be sacrificed. 

In metal mines ventilating fans have seldom been installed except 
in order to meet special conditions, such as extensive fires in 
the workings, or for the reduction of rock temperatures. Because 
metal mines are deep, there is generally a good natural ventilation in 
the shafts, though not always through the workings. Aside from the 
benefit to health in having positive ventilating currents, the advan- 
tages of fans, and particularly reversible fans, as a measure of pro- 
tection in fighting fires are very great. Numerous instances can be 
cited to show how both property and life could have been saved had 
it been possible to control and direct the ventilating current. 

There is an increasing use of ventilating fans in metal mines in this 
country, a notable installation being in the Comstock lode, Nevada, 
where the chief object is to reduce the temperature of the mine 
atmosphere, heated by the rock and water. 


@ Young, G. J., Ventilating system of Comstock mine, Nevada. Trans. Am. Inst. Min. Eng., vol. 41, 
1911. p. 3. 
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There are even larger installations in the East Rand Proprietary 
Mines, Trunsvaal.¢ Two fans have been installed with a rated joint 
capacity, with a 3 and a 4 inch water gage, respectively, of 650,000 
cubic feet of air per minute. 


REVERSING VENTILATION. 


Reversing the ventilation or closing emergency doors should be 
done only when approved by the man in charge underground at the 
time. Except when survivors of fires or explosions have occasion 
to shut such doors, the reversal or shutting should be done only 
with the full knowledge and with the approval of the responsible 
management or by order of the State inspectors if they are present. 

When the air current passing over a fire is reversed, there is always 
a chance of an explosion of the combustible gases produced by the 
fire. This is particularly the case when there is a large mass of burn- 
ing coal in which the combustion is incomplete. At the intake edge 
of the fire the hydrogen and hydrocarbons from the heated coal 
burn or oxidize, forming carbon dioxide (CO,) and water vapor as 
long as sufficient oxygen remains in the passing mixture. If the 
fire has considerable extension, as the gases pass over the glowing 
coals the carbon dioxide is reduced to carbon monoxide (CO). The 
action is thus analogous to what takes place in a gas producer or an 
iron furnace. In addition to the carbon monoxide that may be 
formed, and on account of the extent of the fire, the heat often dis- 
tills volatile gases from the coal faster than they burn, so that the 
gases coming from the fire are often highly inflammable, and if fresh 
air is introduced they may be explosive. 

If, after a fire has been burning for a period, the air current is 
reversed, the inflammable gases will be drawn back over the fire, and 
since these gases are heated they flow close to the roof. There is 
likely to be a small countercurrent of fresh air flowing in along the 
floor toward the fire, and if there happen to be glowing coals where 
the fresh air and the inflammable gases come in contact there is liable 
to be an explosion. This possibility is not merely theoretical but 
very real. Explosions from a like cause have often occurred in gas 
producers and iron furnaces. On a small scale the action may be 
observed in a house furnace or stove when fresh coal has been 
shoveled in and the active flame put out; if presently the upper door 
is opened, admitting fresh air, flaming gas may burst out, sometimes 
with considerable force. 


SEALING A FIRE. 


When it is necessary to seal an area inclosing an active fire in a 
coal mine, all men except those needed for the special work should be 


a Penlerick, M. S., Jour. Chem. Met. Min. Soc. South Africa, August, 1910. 
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ordered out of the mine, as there is nearly the same danger of an 
explosion occurring as there is when reversing the ventilation. It is 
usual in connection with such fires to erect temporary brattices of 
cloth or boards, and then to erect behind these the permanent stop- 
pings of stone, brick, or concrete. 

Whether the first stopping should be erected on the intake or on 
the return, or stoppings on both simultaneously, is a much-discussed 
question among coal-mining men.? In the opinion of the author 
everything depends upon the circumstances; that is, the location of 
the fire, its character, size of the headings or chambers, whether the 
coal bed is flat or pitching, the prior direction of the ventilating cur- 
rent, and whether breathing apparatus and trained men are available. 

All agree to the general principle that it is advisable to place the 
stoppings as close to the fire as possible in order to limit the exten- 
sion of the fire and to lessen the amount of air or oxygen inclosed. 
In many fires dense smoke and excessive heat prevent placing the 
stopping on the return side even if breathing apparatus and electric 
lamps are on hand. In that case it is manifest that the first stopping 
must be placed on the intake side of the fire. Under ordinary circum- 
stances the author believes that the stoppings should be put up simul- 
taneously if it is possible to do so; if not, the stopping on the intake 
should be put up first, and then the stopping on the return should be 
put up as promptly as possible. 

If the stopping on the return side of the fire is put up first, as soon 
as it is completed the gases have a tendency to reverse their move- 
ment because of their further expansion from the heat of the fire and 
the continued distillation of volatile matter (hydrocarbons) from the 
coal. . Owing to the deficiency of oxygen immediately over the fire, 
the carbon dioxide is liable to be changed to monoxide and the gases 
thus to become highly inflammable. If at the same time some rela- 
tively fresh air reaches the edge of the fire from the intake side while 
coals are still glowing, there is liable to be ignition, followed by an 
explosion.’ 


a An interesting discussion of where to place the stoppings in sealing a fire is given in Coal Age, vol. 1, 
February 3, 10, 17, and 22, 1912, pp. 553-555, 583-585, 617-619, and 649-650. 

6 Carbon monoxide in air has a wider range of explosibility than methane in air; that is, methane between 
the limits of 5.5 and 12.5 per cent mixed with air is explosive; carbon monoxide between 13 and 75 per 
cent mixed with air is explosive. Hydrogen gas has about the same wide limits; 5 to 66.4 per cent 
mixed with air makes an explosive mixture. See tabular statement by G. A. Burrell, assistant chemist, 
in Bureau of Mines Bulletin 15, p. 15. Mr. Burrell has recently made a series of experiments with mix- 
tures of gases. In these experiments he used 4,1 per cent of natural gas and varied the amount of carbon 
monoxide. He found that with 2.21 per cent of carbon monoxide in addition to the natural gas, he could 
obtain an explosion when the ignition was made with an electric spark from an induction coil; 93.69 
percent of the mixture was air, and of this 19.61 per cent was oxygen. These experiments are of special 
interest, as they show that a small quantity of carbon monoxide added to methane that is below the 
explosive limit makes a mixture that will explode. 
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The explosion may not be a severe one if there is no coal dust pres- 
ent, so it is advisable to wet down in the vicinity of the stopping 
while the latter is under construction. 

If the stopping is put up on the intake side it may be placed very 
close to the fire, for the men will be working in a fresh current of air. 
If the first stopping is a temporary one, as it nearly always is, it will 
not be perfectly tight; the result will be that there will be a slow 
movement over the fire in the same direction as previously, and a 
tendency to gradual self-extinction from lack of oxygen. When a 
permanent or tight stopping is put up, the small amount of air or 
Joxygen originally inclosed probably in the course of a few hours has 
been largely consumed by the fire or at least reduced until the mix- 
ture of the gases is below the explosive range. 

Sealing a mine fire in the presence of a considerable amount of 
methane is a hazardous proceeding. Such a necessity has often arisen 
in the Pennsylvania anthracite region. Manifestly, when the venti- 
lating current in a gaseous district is gradually reduced as the stop- 
ping is erected, the mixture passing over the fire becomes more and 
more explosive, and unless the active or visible fire is self-damped by 
carbon dioxide, an explosion is almost inevitable. Under these cir- 
cumstances the erection of a stopping or stoppings is the last resort. 
It is best that the temporary stopping or stoppings should be door 
frames and doors, the doors being closed automatically after all the 
men have withdrawn from the mine. There are several ways by which 
this arrangement can be effected. The doors may be hung so that 
they will close by their own weight or by other weights, but may be 
held open by connections that may be broken or released. The release 
may be accomplished by a permissible explosive and time fuse, by elec- 
tric devices, or by the simple means of a counterweight consisting of 
a keg of water so arranged that the water will gradually drip away, 
so that after a certain period the counterweight will be so light as to 
release the catch and allow the door to close. 

Engineers of the Lehigh Valley Coal Co. in 1906 used the door 
method to seal off a fire in a very gaseous territory in which there was 
danger of an explosion occurring at any moment. The men were 
withdrawn from the mine and the door was drawn shut by a long wire 
rope attached to the hoisting cage. Later when the fire was deemed 
to be out, this rope was used to demolish the door. 


TEMPORARY STOPPINGS. 


An excellent emergency stopping, such as might with advantage 
be a part of the fire-fighting equipment of every mine or mine-rescue 
- station, is a pneumatic mattress designed in Germany, which can be 


2 Described by A. B. Jessup in Coal Age, vol. 1, February 24, 1912, p. 650. 
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easily carried to a point close to the fire, and can then be rapidly 
inflated to fit the heading. It is 14 inches thick, and in other dimen- 
sions approximates the size of the headings of the mine. There are 
central plates to which the hose of a portable air pump can be attached, 
There is a mica window in this plate for purposes of observation; a 
valve for sampling gases could be added. The mattress is tempo- 
rarily supported by four legs, two on either side, which afterwards 
serve as braces. When the mattress has been tightly inflated it fits 
into the irregularities of the walls, roof, and floor.¢ 

It is stated that the mattress can be put in place and inflated in 
four minutes. Such rapid setting up would be of great advantage if 
the conditions were dangerous or if there was not a suitable place for 
@ permanent stopping. On the other hand, the mattress has to 
approximate the opening in which it, must be placed, a necessity that 
limits its application. 

For general emergency purposes the usual method of making 
temporary stoppings or brattices for ventilation is to nail canvas 
or brattice cloth on props. To meet the emergencies, enough brat- 
tice cloth for several stoppings should be kept, together with some 
‘special props and light lumber for framing, at division headquarters, 
It is also advisable to have brick enough to build at least two stop- 
pings one brick in thickness. Cement can be kept in galvanized-iron 
cans with tight covers. There should also be kept on hand several 
short 14 or 2 inch pipes with gate valves for insertion through such 
stoppings, in order to obtain samples of the gases, to measure the 
temperature and pressure, and to obtain a view of the interior. On 
the latter account gate valves should be used instead of globe valves. 
The pipe should generally be placed near the roof, to allow testing 
for the lighter gases. Sometimes it is necessary to insert a pipe and 
valve near the bottom of the stopping to observe water pressures or 
to draw off water that may collect behind the stopping. 


PERMANENT STOPPINGS. 


It is often necessary to erect permanent fire stoppings if large 
areas are to be sealed off anindefinite time. As these usually require 
large amounts of stone, brick, cement, and sand, and considerable 
time for erection, it is generally impossible to keep sufficient material 
for their construction in the mine. 

Permanent stoppings will, in many cases have to be strongly built, 
for if large areas are inclosed, great pressure may be brought by 
sudden falls of roof; they must also serve sometimes as water dams. 
They must be well keyed into the ribs and roof and carefully designed 


@The mattress is described and illustrated by Carl Scholz in a letter to Coal Age, vol. 1, February 17, 
1912, p. 617. 
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to meet the pressure liable to be thrown on them. Pipes with valves 
should always be inserted through such stoppings, both for examina- 
tion and to relieve pressure if necessary. 


GASES PRODUCED IN SEALED FIRE AREAS. 


It is advisable at this point to give consideration to the simpler 
chemical changes that go on in a sealed fire area. At the moment of 
closing in we will assume that the fire has been freely fed with fresh 
air. Air consists by volume of 20.7 per cent of oxygen, the remaining 
79.3 per cent consisting chiefly of nitrogen. Let us assume the seal 
practically perfect; the fire will burn brightly until by combustion 
3 or 4 per cent of oxygen has combined with the carbon to form 
carbonic-acid gas (CO,). Then the flame will burn less strongly, 
and when the proportion of oxygen has dropped to about 164 per cent 
the flame will probably be very weak or fitful, though with a large 
body of coals there would be flame until the percentage of oxygen 
had fallen to about 134 per cent. 

From the results of many inspections and analyses of gases from 
behind stoppings by engineers and chemists of the bureau, it seems. 
evident that slow combustion goes on after the active flame has been 
extinguished, until the oxygen content has fallen below 10 per cent. 
There then appears to be a slow absorption of oxygen by the coal, so 
that some carefully inclosed areas after a number of months have 
shown practically no oxygen. 

Where the area gives off methane, which might be explosive but 
for the carbon dioxide and low oxygen content, it gradually pushes 
out the other gases. Therefore, before taking down a stopping, careful 
sampling of the gases through the relief valve, and analysis of the 
‘gases are necessary. Although the active fire may be out, heat re- 
mains, and if the heated material is covered with the ashes of the 
fire and with fallen material, dangerous temperature may exist for 
along time. This occurred in a mine in southern Illinois. Before 
- opening the fire area, several months after inclosure, an analysis of the 
gases was made by an engineer of the bureau. Little oxygen was 
found, methane being the chief gas. Investigation was made through 
a temporary air lock by the engineer with breathing apparatus; the 
area was found cool, but on starting the ventilation a smoldering fire 
under a heavy fall was soon revived. By vigorous fighting with port- 
able extinguishers and the removal of the hot material by digging, 
the fire was eventually put out. 


EXTINGUISHMENT OF A FIRE INCLOSED BY STOPPINGS. 


When a fire beyond control has been inclosed by stoppings or fire 
walls, there are the following four ways of dealing with it: (1) Flood- 
ing it with water; (2) letting the fire stand until it has burned out and. 
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cooled; (3) when the superficial fire has been put out, attacking it 
with fire apparatus with or without the help of breathing apparatus; 
(4) smothering the fire by introducing gases that do not burn. 


FLOODING WITH WATER. 


The flooding of an inclosed fire area with water is the safest and 
best method when feasible. However, it is only feasible under 
exceptional or extreme circumstances, as when the area is small 
and the water can be easily obtained. In such a case the only special 
precaution is to make the stopping strong enough to withstand the 
water pressure. In a bad fire when all other measures have failed, 
the flooding of a district or of the mine itself may be necessary, a 
method that may involve months or years of idleness and great 
damage to the mine. 


ALLOWING FIRE TO BURN OUT. 


In many cases it has been deemed wisest to allow an inclosed fire 
to stand until the partial consumption of the oxygen and the damp- 
ing effect of the gases produced by the fire have put it out and the 
heated material has cooled. The experience of the engineers and 
chemists of the bureau is that that this process usually takes many 
weeks or months. In a mine in southern Illinois, three and one-half 
months after sealing the mine with concrete stoppings over the shafts, 
the fire revived one-half hour after the seals had been broken and 
the ventilation established. This mine was considered well sealed. 
Instances have occurred in which, after more than a year of inclosure, 
fires have revived. Much depends upon the seal; the concrete 
stopping may be practically air-tight, but the surface around the 
openings and the linings of the shafts or the drifts may leak air. 
In the case of underground stoppings the adjacent strata and the 
coal itself will permit circulation of air. It is not generally realized 
how great an effect a change of barometric pressure has upon a sealed 
area. Over an extended period there may be a difference between 
the lowest pressure and the highest pressure of an inch of mercury. 
This is equivalent to about 13 inches of water as shown by a gage, or 
67 pounds per square foot of exposed area of fire wall or natural strata. 

If the inclosure were air-tight, the pressure above and below the 
average line would be one-half of the above; but this is never the con- 
dition in coal strata, which are always more or less permeable to gas 
and air. The movement back and forth through the strata is usually 
so rapid that, before the area of high barometer has passed, the baro- 
metric pressure within a closed area will often equal that of the adjacent 
open part of the mine. In other words, no pressure will be shown 
by a water gage inserted in the stopping. The same condition will be 
found when there is an extended period of low barometric pressure. 
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It is only when there have been very rapid changes in barometric 
pressures thet a water gage shows much difference between the 
interior and exterior. Under these conditions, the area is breathing 
fresh air and exhaling gases as the atmospheric changes in pressure 
occur from week to week or day to day. Nevertheless, it is best to 
check this effect as much as possible by plastering or grouting care- 
fully with cement all the walls and also any inclosing coal pillars that 
may be thin. 

If the inclosed space is small, like the heads of two gangways, and 
the heated mass not too great, the fire is often out in a few weeks. 
On the other hand, if the area is large and the mass of fire-heated 
- material great it may burn many months. There is especial diffi- 
culty when the roof material is sandstone or of open structure, as in 
the Pennsylvania anthracite field and in some of the Rocky Moun- 
tain fields. In the subbituminous district of New Mexico a mine 
has been on fire for years, causing its abandonment and threatening 
the adjoining mine in spite of carefully built stoppings. It is evident, 
therefore, that to avoid serious trouble under such natural conditions 
one must put out fires at the start. 


INTRODUCTION OF GASES, 


Many have considered the possibility of putting out more rapidly 
an inclosed mine fire by introducing gases. Carbon dioxide, sulphur 
dioxide, nitrogen, carbon tetrachloride, steam, and other gases have 
been proposed and some of them tried in fighting various mine fires. 
The chief obstacle to extensive use, as when the entire mine has been 
sealed, is the large amount of gas needed. Insuch acase, since life is 
not involved, the question to be considered is the relative expense of 
allowing the mine to remain sealed, as compared with the cost of 
fighting or checking the fire with incombustible gases. 


NITROGEN. 


Nitrogen is an inert gas and doubtless would be efficient so far as 
concerns the reduction of the oxygen content of the atmosphere sur- 
rounding the fire. It would be rather costly to use and it is not 
known to have been used on a large scale for fighting fires. 


SULPHUR DIOXIDE. 


Sulphur dioxide has been proposed because it can be made easily 
by burning sulphur.* A trial was made in a large fire in Ziegler mine, 
Franklin County, Ill., but the result was reported to be inconclusive. 
One difficulty appears to be to burn the sulphur in such a way that 
the oxygen content of the gases from the sulphur fire is kept below 12 
or 13 per cent. 


a See Sneiling, W. O., Sulphur dioxide as an agent for fighting mine fires: Trans. A. I. M. E., vol. 39, 
February, 1908, pp. 550-552. 
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CARBON DIOXIDE. 


The gas that has been more experimented with than any other for 
putting out inclosed mine fires is carbon dioxide (CO,). This is, of 
course, one of the gases produced by the fire itself, and if there were 
no leaks by which the gas could escape, the flame would be extin- 
guished rapidly. A perfect seal, however, is a rarity but a noninflam- 
mable gas like carbon dioxide forced in at the main opening tends to 
exclude the air, and therefore is advantageous. With porous 
~ strata, as in Colorado, this exclusion of air is important. In the 
Engleville mine in Colorado an extensive fire in 1909 was fought 
successfully by this method. The carbon dioxide was generated at 
the mouth of the mine in wood tanks by the action of sulphuric acid 
on broken limestone and was forced through a pipe in the fire stopping. 
This method of generating carbon dioxide is slow and expensive. 
Some easier and more practical method of making it probably will 
be evolved. 

To burn fuel to produce carbon dioxide, as in the furnace of a boiler, 
is not effectual because the oxygen content of the flue gas is high if 
the carbon monoxide is kept down to proportions safe enough for 
direct application. Another suggested method is to make producer 
gas in a producer built at the mine; then to burn the gas with a 
limited, but sufficient supply of air, and to blow the resulting gase- 
ous product into the fire area through a pipe in the stopping. 


STEAM. 


It is reported that in the anthracite-mine fires and in some metal- 
mine fires live-steam has been used with success, but chiefly in small 
fire areas. The main effect is to exclude oxygen as long as a pressure 
of steam is maintained above atmospheric pressure. In large areas 
the steam must certainly condense to wacer and be without effect. 


REOPENING A FIRE AREA. 


It is often very important to reopen a fire area before there is time 
for the fire to burn itself out. When this is done, it is far safer to 
use breathing apparatus in attacking the fire with hose and not restore 
ventilation until it is known that the area is cool in every part. 
Then if analysis of the gases shows dangerous quantities of carbon 
monoxide and methane, the ventilation must be restored with great 
care. The ventilation must be arranged so that the inflammable gases 
are not brought past the spot where fire has existed as it may be 
revived.¢ 


a A bulletin on recovering mines after fires will soon be published by the Bureau of Mines. A most 
excellent handbook is, Rules for recovering coal mines after explosions and fires, by W. E. Garforth, 
London, 1909. It contains an outline for an organization, refers to fire doors, training of rescue teams, 
and stores to be kept at rescue stations, and suggests rules for guidance after an accident; it contains 
also a description of the recovery of the Altofts pit after an explosion. 
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CHEMICAL ANALYSIS OF GASES FROM MINE FIRES. 


For many years analyses have been made of gases from mine fires 
to determine the progress of the fires. One systematic series of 
analyses was made in connection with an extensive fire in the Warrior 
Run mine near Wilkes-Barre, Pa., in 1907.2 

Soon after the beginning of the mine-accidents investigations, 
established first under the United States Geological Survey, as the 
result of an experience at a mine fire where it was uncertain whether 
explosive gases were being produced, it was decided to equip the 
mining- engineers with portable gas-analysis apparatus.2 This has 
been valuable in studying the progress of a mine fire and in deter- 
mining whether or not there were explosive gases forming behind 
the fire stoppings, also whether there would be danger in opening 
the stoppings. 


SUMMARY OF PRECAUTIONS. 


Do not use lumber where brick, concrete, or other noncombustible 
material, should be used; these will give protection against fire and 
the extra first cost will be balanced by fewer repairs as well as smaller 
insurance. 

Lay water lines to all parts of the mine. In a coal mine the water 
may be used to lay the dust as well as to fight fires. 

Have at hand fire-fighting appliances and breathing apparatus; 
they may save your mine. 

Organize your men to fight fire. 

Assume that fire may break out at any point and at any time. 
Take no chances that a fire will not occur during a repair. 

Consider always the escape of the men. 

Have competitive drills to interest the men, so that they will be 
ready when the emergency comes. 

Use closed or safety lamps instead of open lights in coal mines. 

Have your electric plant installed by competent electrical engineers. 

Assume that your electric lines are going to short-circuit some time 
even with the greatest care. Constantly guard against that time. 

Don’t inclose an active mine fire until other means have been 
exhausted; then have all the men leave the mine, except those needed 
for this work. 

Don’t reverse the ventilation in fighting fire unless you know what 
the risks are. 

a See Enzian, Charles, The Warrior Run mine disaster; methods used in combatting a mine fire accom- 
panied by a squeeze and large quantities of explosive gas. Mines and Minerals, vol. 27, May, 1907, pp. 
“ee type of portable gas-analysis apparatus used by the bureau engineers was the Orsat apparatus, 


now modified by G. A. Burrell, assistant chemist of the bureau. See Burrell, G. A., and Seibert, F. M., 
Gas analysis as an aid in fighting mine fires. Technical Paper 13, Bureau of Mines, 1912, p. 14. 
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When a water fire-protection system has been installed, try it out. 
Don’t assume that it will operate in an emergency unless it has 
operated properly in a trial. 
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APPENDIX. 
ILLINOIS LAWS GOVERNING FIRE PREVENTION AT MINES. 


Except for the provision that there must be two exits to every 
coal mine, the laws of the various States make little or no reference 
to mine fires. There is one notable exception. The State of Illinois, 
following the disastrous Cherry Mine fire, in which 256 lives were lost, 
passed a law relating specifically to fire-fighting equipment. This act 
in its entirety is given below. 

The value of the statute as a model for other States might be in- 
creased if in section 2 (a) the quantity of water in ‘‘a pipe, tank, or 
pond”’ were specified. 

Section 3 (a) states that “During the cold-weather months the 
water pipes shall be kept drained.” As there is even greater liability 
of fires in the cold-weather months, because of the greater dryness of 
the air, than there is in the summer, it would seem desirable to 
have water ready for use in cold weather as well as in warm weather. 
This could be accomplished by circulating the water through a 
heater, which would require a second but smaller parallel pipe as far 
in the mine as freezing extends. However, much the simpler plan 
would be to bring the water line down the upcast shaft. The return 
air would keep the water from freezing. 

The act reads as follows: 

Section 1. Be it enacted by the people of the State of Illinois, represented in the general 
assembly: On and after July 1, 1910, except as hereinafter in section 6 of this act 
is provided, the following requirements for fire fighting equipment and other means 
for the prevention and controlling of fires and the prevention of loss of life from fires 
in coal mines shall be strictly observed by all persons, firms, corporations or asso- 
ciations maintaining and operating a coal mine within the State of Illinois. 

Sec. 2. (a) There shall be provided a supply of water for fighting fire underground 
which shall have a head from a standing body in a pipe, tank or pond. 

(b) Such water supply shall be conducted into the mine in an iron or steel pipe 
or pipes not less than 2 inches in diameter, which shall have not less than two 
hose connections at the bottom of the hoisting shaft, and two hose connections at the 
bottom of the air and escapement shaft designated as such under the law, and two 
hose connections in each stable which is located less than 500 feet from the bottom 
of either of said shafts, and there shall be iron or steel pipes not less than 2 inches 
in diameter in the entries and passageways leading from the bottom of each of said 
shafts to such extent and in such position that with one 50-foot length of hose the 
water may be carried into all such entries and passageways within 300 feet from 
the bottom of each of said shafts and into the corresponding area in slope and drift 
mines, such area to be designated in this act as the fire protected area. 

(c) Provided, That in mines having 125 feet or less head at the bottom of the 
incoming supply pipe, the incoming pipes and the pipes having hose connections 
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shall be not less than 3 inches in diameter. The pipes in the mine shall have hose 
connections not more than 50 feet apart beginning at the bottom of the incoming 
supply pipe or pipes. 

(d) There shall be kept constantly on hand at tne bottom of each shaft where 
hose connections are required, in condition for immediate use, not less than two 
50-foot lengths of 14-inch inside diameter linen hose or rubber-lined cotton hose, 
which shall have been tested to a pressure of 200 pounds to the square inch; all of 
such hose and the connections therefor on the supply pipes shall have American 
standard iron-pipe threads. The nozzles on such hose shall be not less than three- 
eighths nor more than five-eighths inch in diameter. 

(e) Where any part of any passageway or other excavation within 150 feet of the 
bottom of the hoisting shaft or the air and escapement shaft designated as such under 
the law and in the corresponding area in slope or drift mines, is timbered, with 
cribbing or more than one layer of lagging not including caps or wedges, above the 
cross bars, there shall be two lines of automatic sprinklers on the under side of such 
timbering, attached to not less than 14-inch pipes connected with the fire fighting 
water supply, and such sprinklers shall not be more than 10 feet apart. 

(f) In cribbing or lagging as last aforesaid, which is more than 3 feet in vertical 
thickness, there shall be also, as near the top thereof as is practicable, automatic 
sprinklers connected with the water supply as last aforesaid and there shall be one 
such sprinkler for each 8 feet square or horizontal area of such cribbing or lagging. 

(g) In every underground stable, located within 1,000 feet of the hoisting shaft 
or the air and escapement shaft designated as such under the law, there shall be not 
less than one automatic water sprinkler for each area 8 feet square in said stable; 
such automatic sprinklers shall be connected with iron or steel pipes not less than 
1} inches in diameter along the roof or ceiling in the stable, which shall be connected 
with the fire fighting water supply. 

(A) All automatic sprinklers shall be of the fusible plug type and shall not require 
a temperature of more than 165° F. to release the water. 

(2) In all underground stables other than those heretofore in this act referred to, 
there shall be kept barrels full of water and two metal pails with each barrel. Such 
barrels shall be not more than 50 feet apart, and there shall be not less than two 
barrels full of water and two metal pails with each barrel in each entry or passage- 
way into which such stable opens and not more than 50 feet from the opening of 
the stable. 

(j) There shall also be one not less than 3-gallon chemical fire extinguisher and 
two not less than 6-gallon hand-pump buckets in each stable and in each entry or 
passageway into which such stable opens, not more than 5C feet from the opening 
of such stable: Provided, That in mines employing 10 men or less underground the 
chemical fire extinguishers shall not be required. Such chemical fire extinguishers 
and hand-pump buckets shall be kept filled and ready for use. 

(k) Provided, however, That in coal mines in which less than 10 men are employed, 
in which there are no stables, in lieu of said water supply with pipes and hose there 
may be substituted the following: There shall be kept within the fire-protected area 
in each such mine barrels full of water net more than 50 feet apart, and with each 
barrel there shall be two metal buckets; and there shall also be kept within said 
area not less than six hand-pump buckets of not less than 6 gallons capacity, and 
said buckets shall be kept filled and ready for use. 

(2) A barrel within the meaning of this act shall be any substantial vessel holding 
not less than 50 gallons. 

(m) All mines shall have at least one not less than 3-gallon chemical fire extin- 
guisher and one not less than 6-gallon hand-pump bucket, including those herein- 
before in this act required, for each 50 employees in the mine, with a minimum of 
six extinguishers and six pump buckets, kept at convenient places designated by 
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the mine manager throughout the: mine, and such extinguishers and buckets shall 
be kept filled and ready for use: Provided, That in mines employing 10 men or less 
underground the chemical fire extinguishers shall not be required. 

(Section 2 amended and approved June 7, 1911.) 

Src. 3. (a) During the cold-weather months the water pipes shall be kept drained, 
but the supply must be kept so that by opening a valve easily accessible on top the 
water will be promptly available at all times in the supply pipes underground. (6) 
The water pressure in said pipes to which hose is to be connected shall not be less 
than 24 pounds per square inch nor more than 70 pounds per square inch at a point 
not less than 250 feet from the bottom of the shaft or the corresponding position in 
slopes and drifts; and there shall be a pressure gauge with dial at said point. (c) 
When the water pressure in the pipes leading into the mine is higher than 70 pounds 
per square inch at the pressure gauge, there shall be a valve on the incoming supply 
pipe to control the pressure into the branch pipes in the mine and there shall be 
a shut-off valve on every branch pipe at the connection of such pipe with the pipe 
from which it leads. 

(Section 8 approved March 8, 1910.) 

Sec. 4. (2) No underground stable, unless so constructed as to be fireproof through- 
out, shall be nearer than 6 yards to any regular traveling way, and every under- 
ground stable shall have at each opening a fireproof door with a doorframe of concrete, 
stone, or brick laid in mortar. 

(6) Every such stable which contains more than 10 stalls shall have a cement or 
brick partition, with a fireproof door therein, for each 10 stalls or less, or in lieu of 
said partition the stable shall be lined with cement plaster on wire lathing or other 
fireproof material where inflammable material is exposed. 

(c) All hay, bedding, and feed underground, except that in the mangers and stalls, 
shall be kept in a closed cement, brick, stone, or metal receptacle and not more 
than 48 hours’ supply of hay or bedding shall be kept underground and not more 
than 1 week’s supply of grain. 

(d) All hay and bedding taken into the mine shall be baled. Hay, bedding, and 
feed shall be taken into the mine only in a closed car or box, which shall be kept 
closed until the materials are removed to the receptacles provided therefor. 

(e) No light with an unprotected flame shall be taken into an underground stable 
by any person. 

Src. 5. (a) There shall be a system of party-line telephones which shall include 
one telephone on the surface not more than 200 feet from the tipple and one at the 
bottom of the hoisting shaft, or in slope or drift mines at the first cross entries in 
operation, and in addition thereto there shall be one telephone at each inside part- 
ing. Telephone lines shall be constructed in a workmanlike manner and shall be 
repaired promptly when necessary. 

(b) On becoming aware of any serious danger requiring the inside employees to 
come out of the mine, it shall be the duty of the person having charge of the outside 
or inside telephone immediately to give notice of the danger to the other telephone 
stations and it shall be the duty of all persons who receive information thereof to 
cooperate in giving notice thereof to all other persons in the mine. It shall be the 
special duty of all drivers, motormen, and trip riders to notify all other drivers, 
motormen, trip riders, or miners from whom they haul coal of any danger requiring 
them to leave the mine. 

(c) Certain employees whose regular work is in or near the fire-protected areas 
shall have graded authority and designated duties in case of fire, and rules and 
instructions therefor shall be included in the regular rules of the mine, and such 
employees shall be instructed therein by the mine manager. 

(d) There shall be a fire drill of such employees not less often than once in two 
weeks, and the pipes, connections, and hose shall be tested at such drills. 
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Sec. 6. The following requirements also shall apply to all coal mines developed 
within the State of Illinois after the passage of this act: ‘Provided, That paragraphs 
(a) and (6) shall not apply to mines where 10 men or less are employed.”’ 

(a) The hoisting shaft and the air and escapement shaft designated as such under 
the law in shaft mines and the air and escapement shaft nearest the main opening 
in slope or drift mines shall be of fireproof construction, except that cage guides 
may be wood: Provided, That this section shall not apply to shafts in actual course 
of construction at the time this act takes effect. 

(6) The roof and walls of the passageways leading from the bottom of the hoisting 
shaft and the air and escapement shaft designated as such under the law, within 
a distance of 300 feet from the bottom of either of said shafts, shall be of fireproof 
construction, except that the rib or pillar may be used as a wall in such passageways. 

(c) All underground stables and the openings therein shall be of fireproof con- 
struction. 

(d) At mines constructed in conformity with the requirements of this section of this 
act, the fire-fighting equipment described in section 2 and the fire drill described in 
section 5 of this act shall not be required, except that there shall be kept at convenient 
places designated by the mine manager, throughout each mine, one not less than 3- 
gallon chemical fire extinguisher and one not less than 6-gallon hand-pump bucket, 
for each 50 employees in the mine with a minimum of 6 extinguishers and 6 pump 
buckets, and such extinguishers and buckets shall be kept filled and ready for use: 
Provided, That in mines employing 10 men or less underground the chemical fire 
extinguishers shall not be required. 

Sec. 7. (a) Any willful neglect, refusal, or failure to obey the requirements or provi- 
sions of this act, or willfully giving a false danger signal or tampering with any of the 
appliances required by the provisions of this act, shall be deemed a misdemeanor 
punishable by a fine of not less than $50 and not to exceed $200 or by imprisonment 
in the county jail for a period not exceeding three months, or both, in the discretion 
of the court. 

(b) Upon final conviction of any mine manager or any miner, under the provisions 
of this act, his certificate of competency shall be thereby invalidated; and it shall be 
the duty of the State mining board in the case of a mine manager or the miners’ exam- 
ining board which shall have issued such certificate in the case of a miner, to cancel 
and revoke the certificate of competency of the person so convicted; and such person 
shall not be entitled to receive another certificate of competency within 3 months 
from the date of such cancellation and revocation. 

(c) Ifany State mine inspector or any county mine inspector shall find that any pro- 
vision of this act is being violated, it shall be his duty to file a sworn complaint before 
any court of competent jurisdiction, stating the facts within his knowledge in such 
case and asking that the person charged with such violation be bound over to the next 
grand jury for said county; and it shall be the duty of the State’s attorney for the 
county in which such violation occurs to prosecute such complaint as provided by law 
in other State cases. 

Each county mine inspector shall report at least once a month to the State mine 
inspector for the district in which said county mine inspector is working, stating the 
mines he has examined, the violations of this act which he has discovered, and the 
complaints he has filed under the provisions of this act. 

(d) If the county mine inspector shall fail to file a complaint, as herein required, of 
a violation of this act whick he shall have reported to the State mine inspector, and in 
all other cases of violation of this act which shall have come to the knowledge of a 
State mine inspector in the discharge of his duties, it shall be the duty of such State 
mine inspector to file a sworn complaint before any court of competent jurisdiction, 
stating the facts reported to him by the county mine inspector, or coming to his 
knowledge in the discharge of his duties, and asking that the person charged with such 


Google sae 


46 MINE FIRES. 


violation be bound over to the next grand jury for said county; and it shall be the 
duty of the State’s attorney for the county in which such violation occurs to prosecute 
such complaint as provided by law in other State cases. 

(e) If any State mine inspector or any county mine inspector shall willfully fail, 
neglect or refuse to file a complaint as herein required, or shall willfully disregard the 
duties required of him by the provisions of this act, a sworn complaint may be filed 
by any person having knowledge of the facts, before any court of competent jurisdic- 
tion, charging said county mine inspector or said State mine inspector, as the case 
may be, with nonfeasance in office and asking that such inspector be bound over to 
the next grand jury for said county, and the State’s attorney for the county in which 
such violation occurs shall prosecute such complaint as provided by law in other State 
cases. 

Upon final conviction for nonfeasance in office under the provisions of this act, of 
any State mine inspector or any county mine inspector, his certificate of qualification 
or of competency, as the case may be, shall be thereby invalidated and he shall become 
disqualified from holding such office, and such person shall not be entitled to receive 
another certificate of qualification or of competency, as the case may be, within three 
months from the date of such final conviction. 

(Sections 4, 5, 6, 7 amended and approved June 7, 1911.) 

Sec. 8. Whereas an emergency exists, therefore this act shall be in force and effect 
from and after its passage. 

Approved March 8, 1910. 

Approved June 7, 1911. 


An act to provide mine fire-rescue stations in coal fields reads as 
follows: 


Section 1. Be it enacted by the people of the State of Illinois, represented in the general 
assembly: That for the purpose of providing prompt and efficient means of fighting 
mine fires and of saving lives and property jeopardized by fires, explosions, or other 
accidents in coal mines in Illinois, there shall be constructed, equipped, and main- 
tained at public expense three rescue stations to serve the northern, the central, aid 
the southern coal fields of the State. 

(Section 1 approved March 4, 1910.) 

Sec. 2. The governor shall appoint a commission, consisting of seven members, 
including two coal-mine operators, two coal miners, one State mine inspector, one 
representative of the department of mining at the University of Illinois, and one rep- 
resentative of the Federal Bureau of Mines. Said commission shall, within 10 days 
after their appointment, meet and organize by electing one of their number chairman 
and another secretary of said commission, who shall hold their respective offices for 
a period of one year from the date of their election and until their successors are elected 
and qualified. Members of the said commission shall receive $10 per day for services 
rendered, not to exceed 25 days during any one year, and all members of said com- 
mission shall be reimbursed for actual expenses while engaged in official work, 
approved by the commission; which commission shall be responsible for the proper 
carrying out of the provisions of this act. 

(Section 2 amended and approved June 5, 1911.) 

Sec. 3. The said commission shall provide or purchase or accept as a gift, suitably 
located sites for the stations, temporary and permanent quarters and suitable equip- 
ment and materials for the work: Provided, however, That the total cost of the equip- 
ment and maintenance of the service to July 1, 1911, shall not exceed $75,000. The 
said commission shall further arrange for cooperation in the work with mine owners, 
miners, and State and Federal organizations so as to render the service of the utmost 
efficiency. 
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Src. 4. The State architect shall, as provided by law, furnish plans and specifica- 
tions for suitable buildings as required by said commission. 

(Sections 3 and 4 approved March 4, 1910.) 

Sec. 5. The said commission shall appoint as manager of three stations and of their 
work, a man experienced in mining and mine engineering. The manager shall, with 
the advice and consent of the said commission, appoint for each station asuperintend- 
ent and an assistant. Each appointee shall serve for a term of two years and until 
his successor is appointed and qualified, unless sooner discharged by the said commis- 
sion. Each appointee before entering upon the duties of his office shall take and sub- 
scribe to the oath of office as provided by law. The manager shall, with the advice 
and consent of the commission, have authority to pay for such temporary assistance 
as may be needed in giving instruction in first aid to the injured and similar technical 
subjects, and such other temporary assistants and porters as may be needed from time 
to time to properly carry on the work of said rescue stations and such rescue cars as 
may be installed in connection with said stations, but not more than one extra assistant 
and one porter shall be employed for each rescue car. 

(Section 5 amended and approved June 5, 1911.) 

Sec. 6. The manager shall receive $250 per month; each station superintendent $125 
per month; and each station assistant $75 per month; and each appointee shall receive 
his necessary and actual traveling expenses while engaged in official duties. 

Src. 7. The manager shall, subject to approval of said commission, supervise the 
work at each of the three stations, shall purchase necessary supplies and shall file with 
the said commission, at the end of each quarter, a complete report of all operations and 
expenditures and an invoice of all supplies on hand. He shall provide that at each 
station some representative shall be on duty or within call at all hours of day and 
night for each day of the year. 

Sec. 8. Whenever the manager or the superintendent of any station shall be notified 
by any responsible person that an explosion or accident requiring his services has 
occurred at any mine in the State, he shall proceed immediately with suitable equip- 
ment, and on arrival at the said mine shall superintend the work of the rescue corps in 
saving life and property; and he shall cooperate with the management of the mine in 
rescue work; the said manager shall have authority over and may assume control of 
the mining property to such extent as is necessary for the protection of human life in 
the mine, during such time as members of the rescue corps are underground, and while 
there is reasonable expectation that men entombed in the mine may be alive. 

(Sections 6, 7, and 8 approved March 4, 1910.) 

Sec. 9. The commission shall prepare a biennial report to the governor and the 
general assembly with necessary illustrations showing the work performed and money 
expended by the mine-rescue service; and the State board of contracts is hereby 
directed to print and bind said reports promptly and to divide all necessary printing 
for the mine-rescue commission out of the appropriations for such board of contracts. 

(Section 9 amended and approved June 5, 1911.) 

Sec. 10. To carry into effect the provisions of this Act there is hereby appropriated 
the sum of $75,000 of any money in the hands of the State treasurer not otherwise appro- 
priated; and the auditor of public accounts is hereby directed to draw his warrants on 
the treasurer on receipt of vouchers properly certified by the chairman and secretary 
of said commission and approved by the governor. 

(Section 10 approved March 4, 1910.) 

Src. 2. The title of said act shall be amended to read as follows: 

An act to establish and maintain in the coal fields of Illinois mine fire fighting and 
rescue stations. 

Approved June 5, 1911. 
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PUBLICATIONS ON MINE ACCIDENTS AND TESTS OF 
EXPLOSIVES. 


The following Bureau of Mines publications may be obtained free 
by applying to the Director, Bureau of Mines, Washington, D. C.: 


Bu.ueETIn 10. The use of permissible explosives, by J. J. Rutledge and Clarence 
Hall. 1912. 34 pp., 5 pls. 

Buuetin 15. Investigations of explosives used in coal mines, by Clarence Hall, 
W. O. Snelling, and 8. P. Howell, with a chapter on the natural gas used at Pittsburgh, 
by G. A. Burrell, and an introductioneby C. E. Munroe. 1911. 197 pp., 7 pls. 

Buwwetin 17. A primer on explosives for coal miners, by C. E. Munroe and Clarence 
Hall. 61 pp., 10 pls. Reprint of United States Geological Survey Bulletin 423. 

Buetin 20. The explosibility of coal dust, by G. 8. Rice, with chapters by J. C. 
W. Frazer, Axel Larsen, Frank Haas, and Carl Scholz. 204 pp., 14 pls. Reprint of 
United States Geological Survey Bulletin 425, revised. 

Bu.uetin 26. Notes on explosive mine gases and dusts, by R. T. Chamberlin. 
67 pp. Reprint of United States Geological Survey Bulletin 383. 

TECHNICAL Parer 4. The electrical section of the Bureau of Mines, its purpose and 
equipment, by H. H. Clark. 1911. 12 pp. 

TECHNICAL Paper 6. The rate of burning of fuse as influenced by temperature and 
pressure, by W. O. Snelling and W. C. Cope. 1912. 28 pp. 

TrcHNICAL PaPEeR 7. Investigations of fuse and miners’ squibs, by Clarence Hall 
and S. P. Howell. 1912. 19 pp. 

TECHNICAL PAPER 11. The use of mice and birds for detecting carbon monoxide 
after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TECHNICAL PaPER 12. The behavior of nitroglycerin when heated, by W. O. Snelling 
and C.G. Storm. 1912. 14 pp., 1 pl. 

TECHNICAL PaPeR 13. Gasanalysis as an aid in fighting mine fires, by G. A. Burrell 
and F. M. Seibert. 1912. 16 pp. 

TECHNICAL PaPER 17. The effect of stemming on the efficiency of explosives, 
by W. O. Snelling. 1912. 20 pp. 

TECHNICAL Paper 18. Magazinesand thaw houses for explosives, by Clarence Hall 
and S. P. Howell. 1912. 34pp., 1 pl. 

TECHNICAL PAPER 19. The factor of safety in mine electrical installations, by H. H. 
Clark. 1912. 14 pp. ; 

TECHNICAL PareR 21. The prevention of mine explosions; report and recom- 
mendations, by Victor Watteyne, Carl Meissner, and Arthur Desborough. 12 pp. 
Reprint of United States Geological Survey Bulletin 369. 

Miners’ Crrcutar 2. Permissible explosives tested prior to January 1, 1911, and 
precautions to be taken in their use, by Clarence Hall. 1911. 12 pp. 

Miners’ Crrcutar 3. Coal-dust explosions, by G. 8. Rice. 1911. 22 pp. 

Miners’ Crrcutar 4. The use and care of mine-rescue breathing apparatus, by 
J.W. Paul. 1911. 24 pp. 

Miners’ Crrcurar 5. Electrical accidents in mines; their causes and prevention, 
by H. H. Clark, W. D. Roberts, L. C. Ilsley, and H. F. Randolph. 1911. 10 pp., 
3 pls. 

Miners’ CrrcunarR 6. Permissible explosives tested prior to January 1, 1912, and 
precautions to be taken in their use, by Clarence Hall. 1912. 20 pp. 
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